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You'd  be  surprised  what  New  EasiVent"  will  hold. 

And  so  will  your  patients. 

Any  holding  chamber  will  hold  a  dose  of  respiratory 
medication.  But  only  the  EasiVent™  Valved  Holding  Chamber 
is  designed  to  hold  the  complete  MD!  kit  inside.  Or  any 
other  personal  treasure  of  modest  size. 

Physicians,  respiratory  therapists,  and  patients  indicate  a  preference  for  the 
unique  design  of  EasiVent"'.*  Since  EasiVent"  improves  the  portability  of  asthma 
treatment,  it  encourages  patient  compliance. 

NAEPP  guidelines  also  recommend  that  all  patients  using  corticosteroids  use 
a  holding  chamber  to  maximize  dose  delivery.  Which  is  exactly  what  EasiVent'"  is 
designed  to  do. 

EasiVent'"  improves  medication  delivery  and  simplifies  patient  training,  with 
advanced  features  such  as  a  dual,  low-resistance  valve,  universal  MDI  port,  graphic 
instructions  printed  on  the  unit,  and  built-in  coaching  signal.  y\. 

DEY 

Help  your  patients  with  compliance.  Specify  the  EasiVent"  Valved  Holding  Chamber.  < —        ^ 

it  not  only  holds  the  complete  MDI  kit  inside,  its  advanced  design  also  helps  the  patient  "I'LiVv' ' 

get  maximum  benefit  from  their  medication.  And  that's  no  fish  story.  n).,!,,  ,.n  ni,.  ''m't;7-m7m 
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Editorials.  Coninientaries,  &  Reviews  To  Note 

Nitric  Oxide  and  tlie  Respiratory  System  in  Health  and  Disease  (review) — al-Ah  MK.  Howarth 
PH.  RespirMed  |y9S;92(5):701-715. 

International  Guidelines  for  the  Selection  of  Lung  Transplant  Candidates — Maurer  JR.  Frost 
AE,  Estenne  M.  Higenboltani  T.  GlaTuille  AR.  Heart  Lung  1998;27(4):223-229. 

Use  of  Pneumococcal  Polysaccharide  Vaccine  in  Children — Oharo  S.  Leach  A.  McAdani  KW. 
Lancet  1998;3?2(9127):575. 

Writing  Successful  Research  Proposals  for  Medical  Science — Schwinn  DA,  DeLong  ER. 
Shafer  SL.  Anesthesiology  1998;88(6l:1660-1666. 

The  Cuffed  Oropharyngeal  Airway,  a  Novel  Adjunct  to  the  Management  of  Difficult  Air- 
ways— Uezono  S,  Goto  T,  Nakata  Y,  Ichinose  F,  Niimi  Y.  Morita  S.  Anesthesiology  1998:88(6): 
1677-1679. 

Use  of  the  Laryngeal  Mask  Airway  in  Laboratory  Cats — Asai  T,  Murao  K.  Katoh  T.  Shingii 
K.  Anesthesiology  1998;88(6):1680-1682. 

Is  There  Light  at  the  End  of  the  Tunnel?— Durhin  CO  Jr.  Grit  Care  Med  1998;26(8):L^0-V 
1304. 

A  Subject  of  Ongoing  Investigation:  Can  Exogenous  Surfactant  Be  Used  To  Treat  .ARDS? — 

Serna  D,  Brenner  M,  Chen  JC.  Crit  Care  Med  1998:26(8):  1307-1308. 

Permanent  Effects  of  Maternal  Smoking  on  Offsprings'  Lung  Function  (letter) — Upton  MN. 
Watt  GC.  Davey  Smith  G.  McConnachie  A.  Hart  CL.  Lancet  1998:352(9126):453. 

Fenoterol  and  Asthma  Mortality  (letter) — Kremer  G.  Disse  B.  Lancet  1998:352(9126):48.S- 
486, 


Anthrax  as  a  Potential  Biological  Warfare 

Agent — Pile  JC.  Malone  JD.  Eitzen  EM.  Fried- 
lander  AM.  Arch  Intern  Med  1998:l?8(.'i):429. 

Anthrax  is  a  zoonotic  illness  recognized  since 
antiquity.  Today,  human  anthrax  has  been  all 
but  eradicated  from  the  industrialized  world, 
with  the  vast  majority  of  practitioners  in  the 
United  States  unlikely  to  have  seen  a  case.  Un- 
fortunately, the  disease  remains  endemic  in 
many  areas  of  the  world,  and  anthrax  poses  a 
threat  as  a  mass  casualty-producing  weapon  if 
used  in  a  biological  warfare  capacity. 

Rapidly  Progressive  Extensive  Subcutaneous 
Emphysema  Associated  with  an  Implantable 
Intratracheal  Oxygen  Catheter — Blackmon 
GM,  Johnson  MC  2nd,  Plotkin  E.  Chest  1998: 
I13(3):8.34. 


Localized  subcutaneous  emphysema  is  a  recog- 
nized complication  of  transtracheal  oxygen  cath- 
eters. It  usually  occurs  in  the  immediate  post- 
operative period  or  in  association  with  catheter 
lip  migration.  This  is  a  case  of  rapidly  progres- 
sive, extensive  subcutaneous  emphysema  ap- 
parently resulting  from  paroxysms  of  coughing 
in  a  patient  with  a  nonnally  functioning  im- 
planted intratracheal  oxygen  catheter  several 
weeks  after  placement. 

Does  Evidence-Based  Medicine  Help  the  De- 
velopment of  Clinical  Practice  Guidelines? — 

Heffner  JE.  Chest  1998:11.3(3  Suppl):I72S. 

Formal  methods  for  the  development  of  clinical 
[iractice  guidelines  have  emerged  to  address  so- 
cietal needs  to  decrease  physician  practice  vari- 
ation, slow  the  rise  of  health-care  costs,  moni- 
tor inappropriate  care,  assist  clinicians  lo  stay 
abreast  of  new  clinical  iiilormalion,  scl  research 


priorities,  and  promote  heller  lieallh-care  out- 
comes. Evidence-based  methods  ensure  that 
guidelines  provide  valid  recommendations 
based  on  a  critical  appraisal  of  the  best  avail- 
able evidence  rather  than  informal,  opinion- 
based  processes. 

Sustained  Submaximal  Exercise  Does  Not  Al- 
ter the  Integrity  of  the  Lung  Blood-Gas  Bar- 
rier in  Elite  Athletes — Hopkins  SR.  Schoene 
RB,  Henderson  WR,  Spragg  RG,  West  JB. 
J  Appl  Physiol  1 998:84(4):  1 183, 

The  extreme  thinness  of  the  pulmonary  blood- 
gas  barrier  results  in  high  mechanical  stresses 
in  the  capillary  wall  when  the  capillary  pressure 
rises  during  exercise.  We  have  previously  shown 
that,  in  elite  cycli.sis,  6-8  min  of  maximal  ex- 
ercise increase  blood-gas  barrier  permeability 
and  result  in  higher  conccniralions  of  red  blood 
cells,  lolal  protcni.  and  Icukolriciic  B4  in  hron- 
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choalveolar  lavage  (BAD  fluid  compared  with 
results  in  sedentary  controls.  To  test  the  hy- 
pothesis that  stress  failure  of  the  barrier  only 
occurs  at  the  highest  level  of  exercise,  we  per- 
lormed  BAL  in  six  healthy  athletes  after  1  h  of 
exercise  at  77%  of  maximal  O,  consumption. 
Controls  were  eight  normal  nonathletes  who  did 
not  exercise  before  BAL.  In  contrast  with  our 
previous  study,  we  did  not  find  higher  concen- 
trations of  red  blood  cells,  total  protein,  and 
leukotriene  B4  in  the  exercising  athletes  com- 
pared with  control  subjects.  However,  higher 
concentrations  of  surfactant  apoprotein  A  and  a 
higher  surfactant  apoprotein  A-to-phospholipid 
ratio  were  observed  in  the  athletes  performing 
prolonged  exercise,  compared  with  both  the  con- 
trols and  the  athletes  from  our  previous  study. 
These  results  suggest  that,  in  elite  athletes,  the 
integrity  of  the  blood-gas  barrier  is  altered  only 
at  extreme  levels  of  exercise. 

Mainstream  End-Tidal  Carbon  Dioxide 
Monitoring  in  the  Neonatal  Intensive  Care 

Unit— Rozycki  HJ.  Sysyn  GD.  Marshall  MK. 
Malloy  R.  Wisweli  TE.  Pediatrics  1998:101(4 
Pt  1):64S, 

BACKGROUND:  Continuous  noninvasive 
monitoring  of  arterial  carbon  dioxide  (CO,)  in 
neonatal  intensive  care  unit  (NICUl  patients 
would  help  clinicians  avoid  complications  of 
hypocarbia  and  hypercarbia.  End-tidal  CO, 
monitoring  has  not  been  used  in  this  population 
to  date,  but  recent  technical  advances  and  the 
introduction  of  surfactant  therapy,  which  im- 
proves ventilation-perfusion  matching,  might 
improve  the  clinical  utility  of  end-tidal  moni- 
toring. OBJECTIVE:  To  determine  the  accu- 
racy and  precision  of  end-tidal  CO,  monitoring 
in  NICU  patients.  DESIGN:  Nonrandomized  re- 
cording of  simultaneous  end-tidal  and  arterial 
CO,  pairs.  SETTING:  Two  university  NICUs. 
PATIENTS:  Forty-five  newborn  infants  receiv- 
ing inechanical  ventilation  who  had  indwelling 
arterial  access,  and  a  predefined  subsample  of 
infants  who  were  <1000  g  birth  weight,  <8 
days  of  age.  and  who  received  surfactant  ther- 
apy (extremely  low  birth  weight  -ELBW-  <S). 
OUTCOME  MEASURES:  The  correlation  co- 
efficient, degree  of  bias,  and  95%  confidence 
interval  were  determined  for  both  the  overall 
population  and  the  ELBW  <8  subgroup.  Those 
factors  which  significantly  influenced  the  bias 
were  identified.  The  ability  of  the  end-tidal  mon- 
itor to  alert  the  clinician  to  instances  of  hypo- 
carbia or  hypercarbia  was  determined.  RE- 
SULTS: There  were  41 1  end-tidal/arterial  pairs 
analyzed  from  45  patients.  The  correlation  co- 
efficient was  0.833  and  the  bias  was  -6.  9  mm 
Hg  (95%  confidence  interval,  ±1 1.5  mm  Hg). 
The  results  did  not  differ  markedly  in  the  ELBW 
<8  infants.  Measures  of  the  degree  of  lung  dis- 
ease, the  ventilation  index  and  the  oxygenation 
index,  had  small  influences  on  the  degree  of 
bias.  This  type  of  capnometry  identified  91%  of 


(he  instances  when  the  arterial  CO,  pressure 
was  between  34  and  .54  mm  Hg  using  an  end- 
tidal  range  of  29  to  45  mm  Hg.  End-tidal  values 
outside  this  range  had  a  63%  accuracy  in  pre- 
dicting hypocarbia  or  hypercarbia.  CONCLU- 
SION: End-tidal  CO,  monitoring  in  NICU  pa- 
tients is  as  accurate  as  capillary  or 
transcutaneous  monitoring  but  less  precise  than 
the  latter.  It  may  be  useful  for  trending  or  for 
screening  patients  for  abnormal  arterial  CO,  val- 


Use  of  Medical  Informatics  To  Implement 
and  Develop  Clinical  Practice  (;uideline.s — 

Owens  DK.  West  J  Med  1998;16S(3):166. 

Clinical  practice  guidelines  have  enormous  po- 
tential to  improve  the  quality  of  and  account- 
ability in  health  care.  Making  the  most  of  this 
potential  should  become  easier  as  guideline  de- 
velopers integrate  guidelines  within  informa- 
tion systems  and  electronic  medical  records.  A 
major  barrier  to  such  integration  is  the  lack  of 
computing  infrastructure  in  many  clinical  set- 
tings. To  succes.sfully  implement  guidelines  in 
information  systems,  developers  must  create 
more  specific  recommendations  than  those  that 
have  been  required  for  traditional  guidelines. 
Using  reusable  software  components  to  create 
guidelines  can  make  the  development  of  proto- 
cols faster  and  less  expensive.  In  addition,  us- 
ing decision  models  to  produce  guidelines  en- 
ables developers  to  structure  guideline  problems 
systematically,  to  prioritize  information  acqui- 
sition, to  develop  site-specific  guidelines,  and 
to  evaluate  the  cost-effectiveness  of  the  explicit 
incorporation  of  patient  preferences  into  guide- 
line recommendations.  Ongoing  research  pro- 
vides a  foundation  for  the  use  of  guideline  de- 
velopment tools  that  can  help  developers  tailor 
guidelines  appropriately  to  their  practice  set- 
tings. This  article  explores  how  medical  infor- 
matics can  help  clinicians  find,  use,  and  create 
practice  guidelines. 

Effects  of  Inhaled  Nitric  Oxide  in  Patients 
Hith  .4cute  Respiratory  Distress  Syndrome: 
Results  of  a  Randomized  Phase  II  Trial.  In- 
haled Nitric  Oxide  in  ARDS  Study  Group — 

Dellinger  RP.  Zimmerman  JL.  Taylor  RW. 
Straube  RC.  Hauser  DL.  Criner  GJ.  et  al.  Crit 
Care  Med  1998:26(1):  15. 

OBJECTIVES:  To  evaluate  the  safety  and  phys- 
iologic response  of  inhaled  nitric  oxide  (NO)  in 
patients  with  acute  respiratory  distress  syndrome 
(ARDS).  In  addition,  the  effect  of  various  doses 
of  inhaled  NO  on  clinical  outcome  parameters 
was  assessed.  DESIGN:  Prospective,  multi- 
center,  randoiTiized.  double-blind,  placebo-con- 
trolled study.  SETTING:  Intensive  care  units  of 
30  academic,  teaching,  and  community  hospi- 
tals in  the  United  States.  PATIENTS:  Patients 
with  ARDS.  as  defined  by  the  American-Euro- 
pean Consensus  Conference,  were  enrolled  into 


the  study  if  the  onset  of  disease  was  within  72  h 
of  randomization.  INTERVENTIONS:  Patients 
were  randomized  to  receive  placebo  (nitrogen 
gas)  or  inhaled  NO  at  concentrations  of  1 .25.  5. 
20. 40.  or  80  ppm.  MEASUREMENTS  cS:  M AIN 
RESULTS:  Acute  increases  in  P.,,,,,  decreases 
in  mean  pulmonary  arterial  pressure,  intensity 
of  mechanical  ventilation,  and  oxygenation  in- 
dex were  examined.  Clinical  outcomes  exam- 
ined were  the  dose  effects  of  inhaled  NO  on 
mortality,  the  number  of  days  alive  and  off  me- 
chanical ventilation,  and  the  number  of  days 
alive  after  meeting  oxygenation  criteria  for  ex- 
tubation.  A  total  of  177  patients  were  enrolled 
over  a  14-month  period.  An  acute  response  to 
treatment  gas,  defined  as  a  P^q,  increase  a  20%, 
was  seen  in  60%  of  the  patients  receiving  in- 
haled NO  with  no  significant  differences  be- 
tween dose  groups.  Twenty-four  percent  of  pla- 
cebo patients  also  had  an  acute  response  to 
treatment  gas  during  the  first  4  hrs.  The  initial 
increase  in  oxygenation  translated  into  a  reduc- 
tion in  the  F,o,  over  the  first  day  and  in  the 
intensity  of  mechanical  ventilation  over  the  first 
4  days  of  treatment,  as  measured  by  the  oxy- 
genation index.  There  were  no  differences 
among  the  pooled  inhaled  NO  groups  and  pla- 
cebo with  respect  to  mortality  rate,  the  number 
of  days  alive  and  off  mechanical  ventilation,  or 
the  number  of  days  alive  after  meeting  oxygen- 
ation criteria  for  extubation.  However,  patients 
receiving  5  ppm  inhaled  NO  showed  an  im- 
provement in  these  parameters.  In  this  dose 
group,  the  percentage  of  patients  alive  and  off 
mechanical  ventilation  at  day  28  (a  post  hoc 
analysis)  was  higher  (62%  vs  44%)  than  the 
placebo  group.  There  was  no  apparent  differ- 
ence in  the  number  or  type  of  adverse  events 
reported  among  those  patients  receiving  inhaled 
NO  compared  with  placebo.  Four  patients  had 
methemoglobin  concentrations  >  5%.  The  mean 
inspired  nitrogen  dioxide  concentration  in  in- 
haled NO  patients  was  1.5  ppm.  CONCLU- 
SIONS: From  this  placebo-controlled  study,  in- 
haled NO  appears  to  be  well  tolerated  in  the 
population  of  ARDS  patients  studied.  With  me- 
chanical venfilation  held  constant,  inhaled  NO 
is  associated  with  a  significant  improvement  in 
oxygenation  compared  with  placebo  over  the 
first  4  h  of  treatment.  An  improvement  in  oxy- 
genation index  was  observed  over  the  first  4 
days.  Larger  phase  III  studies  are  needed  to 
ascertain  if  these  acute  physiologic  improve- 
ments can  lead  to  altered  clinical  outcome. 

Aerosolized  Antibiotics  in  Mechanically  Ven- 
tilated Patients:  Delivery  and  Response — 

Palmer  LB,  Smaldone  GC,  Simon  SR, 
O'Riordan  TG,  Cuccia  A.  Crit  Care  Med  1998; 
26(1):31. 

OBJECTIVES:  To  determine  whether  aerosol- 
ized antibiotics  can  be  delivered  efficiently  to 
the  lower  respiratory  tract  in  mechanically  ven- 
tilated patients  and  to  define  possible  clinical 
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responses  lo  these  agents.  DESIGN:  Prospec- 
tive serial  study  with  cases  as  their  own  control. 
SETTING:  A  10-bed  respiratory  care  unit  for 
patients  with  chronic  respiratory  failure  in  a 
tertiary  university  hospital.  PATIENTS:  Venti- 
lator dependent  patients  w  ho  are  otherwise  med- 
ically stable.  All  subjects  had  a  tracheostomy  in 
place,  were  colonized  with  gram-negative  or- 
ganisms, and  produced  purulent  secretions 
which  could  be  sampled  daily.  INTERVEN- 
TIONS: Six  patients  received  9  courses  of  neb- 
uhzed  therapy,  which  consisted  of  treatments 
every  8  h  of  gentarnicin  (80  mg)  or  amikacin 
(400mg)for  14  to  21  days.  MEASUREMENTS 
&  MAIN  RESULTS:  Doses  to  the  lung  were 
measured  using  radiolabeled  aerosols  and  anti- 
biotic concentrations  in  sputum.  The  response 
was  assessed  by  a)  changes  in  the  volume  of 
respiratory  secretions;  b)  effect  on  bacterial  cul- 
tures; and  c)  changes  in  the  inflammatory  cells 
and  mediators  of  inflammation  of  the  respira- 
tory secretions  (interleukin-1  beta  |1L-Ibeta].  tu- 
mor necrosis  factor-alpha  |TNF-alpha].  soluble 
intercellular  adhesion  molecule- 1  [slCAM-1]. 
and  human  leukocyte  elastase).  On  average,  pa- 
tients inhaled  35.4  ±  5.08%  (SD)  of  the  initial 
drug  placed  in  the  nebulizer  (neb-charge).  Of 
this  neb-charge,  9.50  ±  2.78%  was  found  on 
the  respirator  tubing  and  tracheostomy  tube  and 
21.9  ±  7.15%  was  actually  deposited  in  the 
lungs.  The  remainder  of  the  neb-charge  was 
sequestered  in  the  nebulizer  or  exhaled.  Trough 
sputum  concentrations  averaged  4,3  ±  3.2  /ig/ 
niL/mg  neb-charge  (range  234  to  520  ;xg/mL) 
and  increased  to  16.6  ±  8.1  /ig/niL/mg  neb- 
charge  (range  1005  to  5839  /xg/mL)  immedi- 
ately after  therapy  (p  =  0.01 1 ).  Serum  concen- 
trations were  undetectable  in  most 
determinations  except  for  a  single  patient  who 
was  in  renal  failure  (8.7  ;iig/mL  amikacin).  Treat- 
ment caused  a  significant  reduction  in  the  vol- 
ume of  secretions  (p  =  0.002).  Weekly  cultures 
revealed  eradication  of  Pseudomonas  species. 
Sernilia  murcescens.  and  Emerobacter  aero- 
genes  in  most  of  the  trials.  Before  antibiotic 
treatment,  concentrations  of  IL-lbeta  were 
higher  than  those  reported  in  acute  respiratory 
distress  syndrome.  Throughout  the  duration  of 
the  study,  IL-lbeta  correlated  significantly  with 
the  absolute  number  of  macrophages,  neutro- 
phils, and  lymphocytes,  respectively  (r2  =  0.55. 
p  =  0.002;  r2  =  0.50,  p  <  0.0004.  r2  =  0.36, 
p  =  0.005).  TNF-alpha  concentrations  corre- 
lated with  lymphocytes  and  neutrophils,  respec- 
tively (r2  =  0.27.  p  =  0.013,  r2  =  0.21,  p  = 
0.033).  sICAM-1  concentrations  increased  two- 
fold (p  <  0.001)  during  treatment  and  then  re- 
turned to  baseline.  The  volume  of  secretions 
was  related  to  neutrophil  and  IL-I  j3  concentra- 
tions, respectively  (r2  =  0.25,  p  =  0.008,  r2  = 
0.35,  p  =  0.006).  CONCLUSIONS:  Nebulizer 
delivery  of  aerosolized  aminoglycosides  is  ef- 
ficient and  predictable.  In  our  clinical  model, 
aerosolized  antibiotics  can  make  a  significant 
impact  on  respiratory  secretions.  Their  efficacy 


in  treatment  of  critically  ill  patients  remains  to 
be  determined.  See  the  rehiled  editorial:  Aero- 
solized Antimicrobials:  Another  Look.  liol<ii:.ii 
GS.  Weiiisiein  RA.  Cril  Care  Med  IWI<:26(I): 
5-6. 

Confidence  in  Life-Support  Decisions  in  the 
Intensive  Care  Unit:  A  Survey  uf  Healthcare 
Workers.    Canadian    Critical    Care   Trials 

Group— Walter  SD.  Cook  DJ,  Guyatt  GH, 
Spanier  A,  Jaeschke  R,  Todd  TR,  Streiner  DL. 
Crit  Care  Med  1998:26(1  ):44. 

OBJECTIVE:  To  examine  the  relationship  be- 
tween intensive  care  unit  (ICU)  healthcare  work- 
ers" confidence  and  their  decision  to  withdraw 
life  support.  DESIGN:  Cross-sectional  survey 
of  Canadian  intensivists,  ICU  housestaff,  and 
bedside  nurses.  Respondents  chose  the  level  of 
care  (from  comfort  measures  only  to  full  ag- 
gressive care)  for  12  patients  described  in  clin- 
ical scenarios,  and  rated  their  confidence  in  their 
decisions.  SETTING:  Thirty-seven  Canadian 
university-affiliated  hospitals.  PATIENTS: 
None.  INTERVENTIONS:  We  used  discrete 
data  analysis  models  to  examine  the  association 
between  the  chosen  level  of  care,  confidence  in 
the  decisions,  the  clinical  scenario,  and  health- 
care worker  group.  MEASUREMENTS  & 
MAIN  RESULTS:  The  response  rate  was  1,361 
(76%)/1.795;  for  this  analysis,  we  used  data 
from  1,306  respondents  with  completed  ques- 
tionnaires. Responses  for  each  scenario  varied 
widely  among  respondents.  The  level  of  care 
chosen  was  dependent  on  the  scenario,  the 
healthcare  worker  group,  and  the  confidence 
with  which  the  decisions  were  made  (p  <  0.001 
for  each).  Intensivists  were  less  aggressive  than 
the  ICU  nurses,  who  were  less  aggressive  than 
the  housestaff,  but  the  magnitude  of  effect  was 
small.  Overall,  respondents  were  very  confi- 
dent about  their  decisions  347r  of  the  time.  Af- 
ter adjustment  for  clinical  scenario  and  chosen 
level  of  care,  intensivists  were  more  confident 
than  nurses,  who  were  more  confident  than 
housestaff  (40%  of  intensivists,  29%-  of  nurses, 
and  23%^  of  housestaff  were  very  confident).  In 
general,  healthcare  workers  tended  to  be  more 
confident  when  they  chose  extreme  levels  of 
care  than  when  they  chose  intermediate  levels 
of  care.  Considerable  variability  in  responses  to 
scenarios  remained  even  when  we  considered 
only  those  responses  made  with  the  highest  level 
of  confidence.  CONCLUSIONS:  While  confi- 
dence in  decisions  about  withdrawal  of  life  sup- 
port increases  with  seniority  and  authority,  con- 
sistency of  decisions  may  not.  When  given 
standard  information,  healthcare  workers  can 
make  contradictory  decisions  yet  still  be  very 
confident  about  the  level  of  care  they  would 
administer. 

Acute  Exacerbations  of  Chronic  Obstructive 
Pulmonary  Disease  and  Mechanical  Ventila- 
tion: A  Reevaluation — Moran  JL.  Green  JV, 


Homan  SD,  Leeson  RJ.  Leppard  PI.  Crit  Care 
Med  I998;26(1):7I. 

OBJECTIVE:  To  review  the  intensive  care  unit 
t  ICU )  experience  of  patients  admitted  with  acute 
exacerbations  of  chronic  obstructive  pulmonary 
disease.  DESIGN:  Retrospective  case  series. 
SETTING:  University  teaching  hospital.  PA- 
TIENTS: We  reviewed  the  records  of  100  con- 
secutive ICU  admissions  of  patients  with  acute 
exacerbations  of  chronic  obstructive  pulmonary 
disease  over  a  period  of  4.25  yrs.  INTERVEN- 
TIONS: None.  MEASUREMENTS  &  MAIN 
RESULTS:  Patients  were  characterized  using  a 
computerized  prospective  database  and  case 
note  review.  Multivariate  analysis  identified 
variables  predicting  ICU  and  hospital  length  of 
stay.  The  Cox  proportional  ha/ards  model  was 
used  to  analyze  survival  after  hospital  discharge. 
Seventy-five  patients  (24  female  and  5 1  male, 
mean  age  68.5  ±  7  [SD]  y)  with  100  ICU  ad- 
missions were  identified.  Premorbid  airway  ob- 
struction was  severe,  with  forced  expiratory  vol- 
ume in  I  sec  (FEV ,  )/forced  vital  capacity  (FVC) 
of  0.7  ±  0.34  L  and  FEV|/FVC  of  39  ±  16%. 
Thirty-two  percent  received  home-administered 
oxygen  and  42%  were  housebound.  The  pre- 
ICU  admission  P„co,  was  86  ±  28  torr  (1 1.5  ± 
3.7  kPa).  with  a  pH  of  7.24  ±  0. 1 1  and  a  P,o,/ 
F,o,  of  190  ±  66.  ICU  admission  Acute  Phys"- 
iology  and  Chronic  Health  Evaluation  II  score 
was  18  ±  5.  Forty-three  patients  were  mechan- 
ically ventilated  for  a  median  of  4  days  (range 
0.08  to  30).  Tracheostomy,  in  7  patients,  was 
maintained  for  21  ±7  days.  Ventilation  time 
and  tracheostomy  frequency  predicted  length  of 
ICU  stay  (median  3  days;  range  1  to  40)  and 
hospital  stay  (17  days;  4  to  97),  respectively. 
ICU  and  hospital  case-fatality  rates  were  1% 
and  11%.  Out-of-hospital  (24-month)  probabil- 
ity of  survival  was  predicted  by  plasma  albu- 
min concentration  at  the  time  of  ICU  admis- 
sion; this  probability  of  survival  was  0.64  at  an 
albumin  concentration  of  38  g/L.  CONCLU- 
SIONS: ICU  admission  of  severely  ill  chronic 
obstructive  pulmonary  disease  patients  results 
in  acceptable  outcomes.  Survival  of  £  2  yrs  is 
not  affected  by  mechanical  ventilation  or  tra- 
cheostomy requirement. 

Noninvasive  Ventilation  via  Bilevel  Positive 
Airway  Pressure  Support  in  Pediatric  Prac- 
tice—Padman  R.  Lawless  ST.  Kettrick  RG.  Crit 
Care  Med  1998;26(  1  );71. 

OBJECTIVE:  To  evaluate  the  efficacy  of  bi- 
level positive  airway  pressure  support  in  criti- 
cally ill  children  with  underlying  medical  con- 
ditions. DESIGN:  Prospective,  clinical  study. 
SETTING:  Pediatric  intensive  care  unit  (ICU). 
PATIENTS:  Thirty-four  patients  (6  mos  to 
20  y,  mean  11.06  ±  0.9  y)  with  impending 
respiratory  failure  were  enrolled  in  the  study. 
All  patients  required  airway  or  oxygenation/ 
ventilation  support  (awake  or  asleep)  and  re- 
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quired  admission  to  our  pediatric  ICU.  Each 
patient  served  as  his  or  her  own  control.  Exclu- 
sion criteria  were  absent  cough  or  gag  reflex, 
multiple  organ  system  failure,  age  of  <  6  mos. 
vocal  cord  paralysis,  and  noncooperation  with 
nasal  ma.sk.  INTERVENTIONS:  Bi-level  pos- 
itive airway  pressure  support  ventilation.  MEA- 
SUREMENTS &  MAIN  RESULTS;  Thirty- 
four  patients  with  .^5  episodes  of  respiratory 
insufficiency  requiring  airway  support  or  oxy- 
genation/ventilatory support  were  treated  with 
bi-level  positive  airway  pressure  support  venti- 
lation. Dyspnea  score  decreased  at  least  2  de- 
viations in  all  patients;  dyspnea  score  decreased 
5  deviations  in  67%  of  patients.  Resting  heart 
rate  decreased  from  126  ±  3.2  to  102  ±  3.2 
beats/min  {p  <  0.00 1 ).  respiratory  rate  decreased 
from  39  ±  3  to  25  ±  1  breaths/min  (p  <  0.004). 
bicarbonate  concentrations  decreased  from 
30.0  ±  1.0  to  24.0  ±  0.7  mmol/L  (p  <  0.01), 
and  room  air  saturation  increased  from  85  ± 
2%  to  97  ±  1%.  Bi-level  positive  airway  pres- 
sure support  ventilation  failure  was  character- 
ized by  an  inability  to  stabilize  progression  of 
respiratory  failure  and  the  subsequent  placement 
of  an  artificial  airway.  Three  patients  required 
placement  of  an  artificial  airway.  CONCLU- 
SIONS; A  decrease  in  respiratory  rate,  heart 
rate,  and  dyspnea  score  and  an  improvement  in 
oxygenation  were  noted  in  >  90%  of  patients 
studied,  resulting  in  only  an  8%  frequency  of 
intubation.  The  efficacy  of  bi-level  positive  air- 
way pressure  support  ventilation  in  selected 
groups  of  patients  indicates  the  need  to  include 
this  form  of  noninvasive  pressure  support  ven- 
tilation in  the  care  offered  by  pediatric  ICUs. 

Changes  in  Breathing  Pattern  and  Respira- 
tory Muscle  Performance  Parameters  dur- 
ing Dlfi'icult  Weaning — Capdevila  X,  Perri- 
gault  PF.  Ramonatxo  M.  Roustan  JP.  Peray  P. 
d' Athis  F,  Prefaut  C.  Crit  Care  Med  1 998;26(  I ); 
79. 

OBJECTIVE;  This  study  examined,  using  non- 
invasive means,  the  changes  in  breathing  pat- 
tern and  inspiratory  muscle  pressure-time  indi- 
ces during  difficult  progressive  withdrawal  of 
pressure-support  ventilation.  DESIGN;  A  pro- 
spective analysis  of  the  temporal  evolution  of 
several  respiratory  variables  in  ditficult-to-wean 
patients.  SETTING;  A  university  hospital  in- 
tensive care  unit.  PATIENTS;  A  heterogeneous 
group  of  17  patients  receiving  prolonged  me- 
chanical ventilation,  INTERVENTIONS;  Daily 
measurements  of  breathing  pattern  and  respira- 
tory muscle  performance  parameters  in  diffi- 
cult-to-wean  patients.  MEASUREMENTS  & 
MAIN  RESULTS:  We  examined  breathing  pat- 
tern variables,  rapid  shallow  breathing  (respi- 
ratory rate/tidal  volume),  tracheal  occlusion 
pressure,  maximal  inspiratory  pressure  (Pl,,,,^). 
and  the  tension-time  index  of  the  inspiratory 
muscles  (TTmus  =  P(l)/P(I)max  x  Ti/Ttot) 
(where  Ti/Ttot  is  inspiratory  Iraclion  of  the  cy- 


cle). All  measurements  were  repeated  at  24-hr 
intervals  throughout  the  difficult  weaning  pe- 
riod. The  patients  were  extubated  on  satisfying 
10  of  12  cla.ssical  weaning  criteria.  Eleven  pa- 
tients were  successfully  weaned  from  mechan- 
ical ventilation  while  6  patients  were  not.  Wean- 
ing failure  was  associated  with  the  following: 
a)  longer  periods  of  mechanical  ventilation  be- 
fore weaning;  b)  high  values  of  tracheal  occlu- 
sion pressure,  respiratory  rate,  minute  ventila- 
tion, and  effective  impedance  maintained 
throughout  the  difficult  weaning  period;  and  c) 
persistent  high  P^co,  ^nd  intrinsic  positive  end- 
e.xpiratory  pressure  values.  As  the  weaning  fail- 
ure patients'  inspiratory  muscles  confronted  an 
increasing  inspiratory  load,  values  of  the  ten- 
sion-time index  of  the  inspiratory  muscles  en- 
tered or  remained  in  the  fatigue  zone.  In  con- 
trast, weaning  success  patients  normalized  their 
breathing  pattern  and  decreased  their  tracheal 
occlusion  pressure,  effective  impedance,  and 
tension-time  index  values.  CONCLUSIONS: 
Breathing  pattern  alterations  and  respiratory 
muscle  performance  impairments  lead  to  ven- 
tilator dependency  after  prolonged  mechanical 
ventilation.  The  measurement  of  variables  such 
as  the  noninvasive  tracheal  occlusion  pressure, 
inspiratory  power  of  breathing,  and  tension-time 
index  of  the  inspiratory  muscles  facilitate  the 
management  of  difficult-to-wean  patients. 

Evaluation  of  Antismoliing  Advertising  Cam- 
paigns—Goldman LK,  Glantz  S  A.  JAMA  1 998: 
279(10):772. 

CONTEXT:  Active  and  passive  smoking  are 
the  first  and  third  leading  preventable  cau.ses  of 
death.  Many  states  are  running  or  initiating  an- 
titobacco  media  campaigns.  OBJECTIVE;  To 
review  research  on  the  effectiveness  of  differ- 
ent antismoking  messages  and  published  evi- 
dence of  the  effectiveness  of  paid  antismoking 
advertising.  DATA  SOURCES:  Focus  group 
studies  conducted  by  professional  advertising 
agencies  that  contract  with  California,  Massa- 
chusetts, and  Michigan  to  run  their  antismoking 
advertising  campaigns,  the  Centers  for  Disease 
Control  and  Prevention's  Media  Campaign  Re- 
source Book,  and  copies  of  the  advertisements. 
In  total,  we  reviewed  the  results  of  186  focus 
groups  involving  more  than  1500  children  and 
adults  dealing  with  1 1 8  advertisements  that  had 
actually  been  aired  and  additional  concept  ad- 
vertisements that  were  not  produced.  Published 
literature  was  located  using  MEDLINE  and  stan- 
dard bibliographic  sources  on  the  effectiveness 
of  large,  paid  anlitobacco  media  campaigns.  We 
also  reviewed  reports  and  studies  conducted  by, 
or  for,  the  California  and  Massachusetts  health 
departments  on  program  effectiveness,  and  con- 
ducted our  own  comparison  of  California  vs 
Massachusetts  using  cigarette  consumption  data 
from  the  Tobacco  Institute.  STUDY  SELEC- 
TION: All  available  studies.  DATA  SYNTHE- 
SIS; Eight  advertising  strategics  lo  prevent  peo- 


ple Irom  starting  to  smoke  and  persuading  them 
to  stop  were  reviewed:  industry  manipulation, 
secondhand  smoke,  addiction,  cessation,  youth 
access,  short-term  effects,  long-term  health  ef- 
fects, and  romantic  rejection.  These  focus  groups 
identified  strategies  that  would  be  expected  to 
be  effective  and  ineffective.  Regression  analy- 
sis was  used  to  compare  the  cost-effectiveness 
of  the  California  and  Massachu.setts  programs. 
CONCLUSIONS;  Focus  group  participants  in- 
dicated that  industry  manipulation  and  second- 
hand smoke  are  the  most  effective  strategies  for 
denormalizing  smoking  and  reducing  cigarette 
consumption.  Addiction  and  cessation  can  be 
effective  when  used  in  conjunction  with  the  in- 
dustry manipulation  and  secondhand  smoke 
strategies.  Youth  access,  short-term  effects, 
long-term  health  effects,  and  romantic  rejection 
are  not  effective  strategies.  More  aggressive  ad- 
vertising strategies  appear  to  be  more  effective 
at  reducing  tobacco  consumption. 

Influence  of  Airway  Management  on  Venti- 
lator-Associated Pneumonia:  Evidence  from 
Randomized  Trial.s — Cook  D.  De  Jonghe  B, 
Brochard  L,  Brun-Buisson  C.  JAMA  1998; 
279(10):781. 

OBJECTIVE:  Ventilator-associated  pneumonia 
(VAPl  is  a  serious  complication  of  critical  ill- 
ness. confeiTing  increased  morbidity  and  mor- 
tality. Many  interventions  have  been  studied  to 
reduce  the  ri.sk  of  VAP.  We  .systematically  re- 
viewed the  influence  of  airway  management  on 
VAP  in  critically  ill  patients.  DATA  SOURC- 
ES: Studies  were  identified  through  searching 
MEDLINE  and  EMBASE  from  1980  through 
July  1997  and  by  searching  SCISEARCH.  the 
Cochrane  Library,  bibliographies  of  primary  and 
review  articles,  personal  files,  and  contact  with 
authors  of  the  randomized  trials.  STUDY  SE- 
LECTION; We  selected  randomized  trials  eval- 
uating ventilator  circuit  and  secretion  manage- 
ment strategies  on  the  rate  of  VAP.  DATA 
EXTRACTION:  Two  investigators  indepen- 
dently abstracted  key  data  on  design  features, 
the  population,  intervention,  and  outcome  of 
the  studies.  DATA  SYNTHESIS:  The  frequency 
of  ventilator  circuit  changes  and  the  type  of 
endotracheal  suction  system  do  not  appear  to 
influence  VAP  rates  (3  trials,  none  with  signif- 
icant difference;  range  of  relative  risks  [RRs], 
0.84-0.91 ).  However,  lower  VAP  rales  may  be 
associated  with  avoidance  of  healed  humidifi- 
ers and  use  of  heat  and  moisture  exchangers  (5 
trials,  only  I  showing  a  significant  difference; 
range  of  RRs,  0.34-0.86),  use  of  oral  vs  nasal 
intubation  (I  trial;  RR,  0.52:  95%  confidence 
interval,  0.24-1.13),  .subglottic  secretion  drain- 
age vs  standard  endotracheal  tubes  (2  trials.  I 
showing  a  significant  difference;  range  of  RRs, 
0.46-0.57),  and  kinetic  vs  conventional  beds 
(5  trials,  only  I  showing  a  significant  differ- 
ence; range  of  RRs.  0.3.5-0.78).  CONCLU- 
SIONS; Some  ventilator  circuit  and  secretion 
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istered to  a  nursing  woman. 

Pediatric  Use:  Safety  and  effectiveness  in  pediatric  patients  below  the  age  of  12  have  not  been  estab- 
lished. 

ADVERSE  REACTIONS:  Adverse  reaction  information  concerning  Ipratropium  Bromide  Inhalahon 
Solution  IS  derived  Irom  12-week  active-controlled  clinical  trials  Additional  information  is  derived 
from  foreign  post-marketing  experience  and  the  published  literature. 

All  adverse  events,  regardless  of  drug  relationship,  reported  by  three  percent  or  more  patients  in  the 
12-week  controlled  clinical  trials  appear  in  the  table. 
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Additional  adverse  reactions  'eported  in  less  than  three  percent  of  the  patients  treated  with 
tropium  bromide  include  tachycardia,  palpitations,  eye  pain,  urinary  retention,  urinary  tract  infect 
and  urticaria  Cases  of  precipitation  or  worsening  of  narrow-angle  glaucoma  and  acute  eye  pain  hi 
been  reported. 

Lower  respiratory  adverse  reactions  (bronchitis,  dyspnea  and  bronchospasm)  were  the  most  comn' 
events  leading  to  discontinuation  of  ipratropium  bromide  therapy  in  the  12-week  trials.  Headac 
mouth  dryness  and  aggravation  of  COPD  symptoms  are  more  common  when  the  total  daily  dose 
ipratropium  bromide  equals  or  exceeds  2,000  meg 

Allergic-type  reactions  such  as  skin  rash,  angioedema  of  tongue,  lips  and  face,  urticaria,  lar 
gospasm  and  anaphylactic  reaction  have  been  reported.  Many  of  the  patients  had  a  history 
allergies  to  other  drugs  and/or  foods 

HOW  SUPPLIED:  Ipratropium  Bromide  Inhalation  Solution  is  a  clear  colorless  solution  supplied  in  a  ut 
dose  vial  containing  2.5  mL   Supplied  m  cartons  as  listed  below: 
25  vials  per  carton  l\IDC  49502-685-03 

30  vials  per  carton  NDC  49502-685-33 

60  vials  pet  carton  NDC  49502-685-60 

Each  vial  is  made  from  a  low  density  polyethylene  (LOPE)  resin 

Store  between  15'  and  30  C  (59  and  86  F).  Protect  from  light.  Retain  in  carton  until  time  ol  usi 

Caution:  Federal  law  prohibits  dispensing  without  prescription. 
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management  strategies  may  influence  VAP  rates 
in  critically  ill  patients.  Whether  these  strate- 
gies are  adopted  in  practice  depends  on  several 
factors  such  as  the  magnitude  and  precision  of 
estimates  of  benefit  and  harm,  as  well  as  ac- 
cess, availability,  and  costs. 


Continuous  Jugular  Bulb  Venous  Oxygen 
Saturation  Validation  and  Variations  during 
Intracranial  Aneurysm  Surgery — Clavier  N. 
Schurando  P.  Raggueneau  JL,  Payen  DM.  J  Crit 
Care  1997;12(3):1 12. 

PURPOSE:  During  intracranial  aneurysm  sur- 
gery, numerous  factors  may  alter  cerebral  blood 
flow  and  oxygen  supply-demand  balance.  Con- 
tinuous monitoring  of  jugular  bulb  venous  ox- 
ygen saturation  (S^jq.)  ■Ti-'y  help  in  the  anes- 
thetic management  of  such  procedures. 
MATERIALS  &  METHODS:  Fiberoptic  S,„,, 
was  continuously  monitored  in  7  patients  dur- 
ing intracranial  aneurysm  surgery.  Fiberoptic 
S^jQ,  measurement  was  compared  with  IL3  CO- 
OXIMETER  determination  from  85  paired  sam- 
ples. The  occurrence  of  large  S^^o,  variations 
(Svjo,  variation  reaching  \07c  or  more  of  stable 
preceding  value)  during  aneurysm  surgery  was 
recorded  and  classified  according  to  the  asso- 
ciation or  not  with  systemic  clinical  or  thera- 
peutic changes.  RESULTS:  Fiberoptic  S^^q, 
showed  a  limited  accuracy,  with  limits  of  agree- 
ment with  IL.^  CO-OXFMETER  at  -16.8%  and 


-I- 10.7%  and  a  small  bias  (-3.1%).  S.j,-,,  varia- 
tions were  frequent  during  aneurysm  surgery, 
ranging  from  3  to  22%  during  procedures  last- 
ing 6  h  (range  4.5  to  7).  Half  of  these  variahons 
occurred  in  the  absence  of  any  systemic  clinical 
or  therapeutic  change,  most  often  leading  to  an 
increased  S,jo,-  CONCLUSIONS:  Although  the 
accuracy  of  fiberoptic  S^,o,  determination  is  lim- 
ited, it  allows  the  detection  of  cerebral  blood 
flow  and  oxygen  supply-demand  imbalance  dur- 
ing aneurysm  surgery.  The  frequent  occurrence 
of  S^.jo,  elevations  is  suggestive  of  reactive  hy- 
peremia mechanisms. 

Impact  of  Invasive  and  Noninvasive  Quanti- 
tative Culture  Sampling  on  Outcome  of  Ven- 
tilator-Associated Pneumonia:  A  Pilot 
Study — Sanchez-Nieto  JM.  Torres  A.  Garcia- 
Cordoba  F.  El-Ebiary  M,  Carrillo  A,  Ruiz  J.  et 
al.  Am  J  Respir  Crit  Care  Med  1998:157(2): 
371. 

We  performed  an  open,  prospective,  random- 
ized clinical  trial  in  51  patients  receiving  me- 
chanical venhlation  for  more  than  72  h.  in  order 
to  evaluate  the  impact  of  using  either  invasive 
(protected  specimen  brush  [PSB  land  bronchoal- 
veolar  lavage  [BAL|  via  fiberoptic  bronchos- 
copy) or  noninvasive  (quantitative  endotracheal 
aspirates  [QEA])  diagnostic  methods  on  the 
morbidity  and  mortality  of  ventilator-associated 
pneumonia  (VAP).  Patients  were  randomly  as- 


signed to  2  groups:  Group  A  patients  (n  =  24) 
underwent  QEA,  PSB,  and  BAL;  Group  B  pa- 
tients (n  =  27)  underwent  only  QEA  cultures. 
Empiric  antibiotic  treatment  was  given  accord- 
ing to  the  attending  physician  and  was  modified 
according  to  the  results  of  cultures  and  sensi- 
tivity in  Group  A  using  PSB  and  BAL  results 
and  in  Group  B  based  upon  QEA  cultures.  Bac- 
teriologic  cultures  were  done  quantitatively  for 
EA,  PSB,  and  BAL.  Thresholds  of  a  10(51.  > 
1 0(  3 ).  and  >  1 0(  4)  CFU/mL  were  used  for  QEA, 
PSB.  and  BAL.  respectively.  Microbial  cultures 
from  Group  A  patients  were  positive  in  1 6  (67% ) 
BAL  samples.  14  (58%)  PSB  samples,  and  16 
(67%)  QEA  samples.  In  Group  B  patients.  QEA 
microbial  cultures  yielded  positive  results  in  20 
of  27  (74%)  samples.  In  Group  A.  there  was 
total  agreement  between  culture  results  of  the  3 
techniques  on  17  (71%)  occasions.  In  5  (21%) 
cases.  QEA  coincided  with  either  BAL  or  PBS. 
In  only  2  (8%)  cases,  QEA  cultures  did  not 
coincide  with  either  PSB  or  BAL.  No  cases  of 
positive  BAL  or  PSB  cultures  had  negative  QEA 
cultures.  Initial  antibiotic  treatment  was  modi- 
fied in  10  (42%)  patients  from  Group  A  and  in 
4  ( 16% )  patients  from  Group  B  (p  <  0.05).  The 
observed  crude  mortal)  ty  rate  was  1 1  of  24  ( 46% ) 
in  Group  A,  and  7  of  27  (26%)  in  Group  B. 
whereas  the  adjusted  mortality  rates  (observed 
crude  minus  predicted  at  admission)  for  Groups 
A  and  B  were  29  and  10%,  respectively.  There 
were  no  statisticallv  significant  differences  when 
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comparing  crude  and  adjusled  niorlality  rales  of 
Groups  A  and  B.  There  were  no  dilferences  in 
niorlality  between  both  groups  when  compar- 
ing pneumonia,  considering  together  Psviiclo- 
mumis  iicniaiiuisa  and  Acinelohacter  spp. 
(Group  A.  33'f  versus  Group  B,  27%),  There 
were  no  difterences  between  Groups  A  and  B 
witli  regard  to  ICU  stay  duration  and  total  du- 
ration of  mechanical  ventilation.  In  this  pilot 
study,  the  impact  of  bronchoscopy  was  to  lead 
to  more  frequent  antibiotic  changes  with  no 
change  in  mortality.  Further  studies  with  larger 
population  samples  are  warranted  to  confirm 
tlicse  findings.  See  the  reltiled  editorial:  Mor- 
tality and  the  Diagnosis  of  Ventilator-Associ- 
ated Pneumonia:  A  new  Direction.  Wiinderink 
RG.  Am  J  Respir  Crit  Care  Med  1998:157(2): 
J49-350. 

Automatic  Actuation  of  a  Dry  Powder  In- 
haler into  a   Nonelectrostatic  Spacer — 

Bisgaard  H.  Am  J  Respir  Crit  Care  Med  1998; 
\51(2):5\H. 

This  article  describes  a  new  "automatic  spacer" 
device,  which  has  been  developed  to  improve 
the  delivery  of  inhaled  medication  to  young  chil- 
dren. In  the  device,  a  dry  powder  inhaler  (DPI) 
is  inechanically  actuated  into  a  nonelectrostatic 
spacer,  producing  an  aerosol  cloud  of  fine  drug 
particles  (aerodynamic  diameter.  <  4.7  ixm) 
with  a  long  half-life.  The  new  device  combines 
the  principal  advantages  of  the  conventional 
spacer  and  the  DPI.  It  has  the  potential  to  pro- 
vide a  high  ratio  between  lung  dose  and  pha- 
ryngeal do.se,  without  need  for  coordination  or 
forced  inhalation,  and  it  avoids  exposure  of  the 
patient  to  the  additives  and  propellants  used  in 
pressurized  metered  dose  inhalers.  Studies  with 
the  prototype  device  show  a  high  yield  of  fine 
drug  particles  in  the  aerosol  (mass  median  aero- 
dynamic diameter.  2.8  ^tm),  a  high  repeatabil- 
ity of  drug  delivery  owing  to  the  mechanical 
nature  of  the  actuation  (relative  standard  devi- 
ation. 12%).  and  a  prolonged  residence  time  of 
the  fine  particle  aerosol  (half-life  of  the  fallout 
of  the  fine  particles.  82  s).  These  features  should 
prove  advantageous  in  the  treatment  of  young 
children  with  inhaled  medication. 

A  Randomized  Trial  Comparing  Peak  Expi- 
ratory Flow  and  Symptom  Self-Management 
Plans  for  Patient.s  with  Asthma  Attending  a 
Primary  Care  Clinic — Turner  MO.  Taylor  D. 
Bennett  R.  Fitzgerald  JM.  Am  J  Respir  Crit 
Care  Med  I998;I57(2):540. 

Great  emphasis  is  placed  on  educating  asthmat- 
ics to  use  action  plans  to  achieve  better  control 
of  symptoms.  The  use  of  peak  fiow  meters 
(PFM)  has  been  recommended  as  an  important 
part  of  self-management  plans.  We  studied  92 
(47  F)  adult  patients  with  asthma  in  a  primary 
care  setting  to  compare  the  effectiveness  of  ac- 
tion plans  using  either  peak  fiow  inonitoring  or 


sytiiptoms  to  guide  self-management.  Each  pa- 
tient was  instructed  in  the  use  of  the  action  plan 
in  the  context  of  a  6-mo  asthma  education  pro- 
gram taught  by  a  nurse.  Patients  were  already 
using  inhaled  corticosteroids  or  were  newly  pre- 
scribed corticosteroids  by  their  family  physi- 
cian. Forty-four  patients  were  randomized  to 
the  PFM  group  and  48  to  the  symptoms  group. 
Spirometry,  symptom  scores,  quality  of  life, 
medication  use,  and  measures  of  health  care 
utilization  and  morbidity  (emergency  depart- 
ment visits,  hospitalizations,  unscheduled  doc- 
tor visits,  and  days  lost  from  work  or  school) 
were  recorded  at  baseline  and  throughout  the 
study  period.  P,-,,,  methacholine  was  measured 
at  the  first  and  at  the  final  visits.  There  were 
significant  improvements  within  groups  for 
FEV|.  symptoms  score,  P^io  methacholine,  and 
quality  of  life,  but  no  between-group  differ- 
ences. A  significant  shift  from  higher  to  lower 
daily  use  of  ^-agonists  (p  <  0.008  for  both 
groups)  and  significant  shifts  to  higher  daily 
doses  of  inhaled  steroids  (p  <  0.001)  occurred 
in  each  group.  Adherence  to  the  self-manage- 
ment plans  was  only  65%  in  the  PFM  group 
and  52%  in  the  symptoms  group.  Outcomes  for 
health  care  utilization  were  similar  except  for 
fewer  patients  making  unscheduled  doctor  vis- 
its within  the  PFM  group.  Our  findings  show 
that  education,  regular  follow-up,  and  an  action 
plan  are  effective  in  improving  asthma  control 
and  quality  of  life,  but  the  routine  use  of  PFM 
to  guide  interventions  is  not  the  only  way  to 
accomplish  these  objectives. 

Effects  of  the  Prone  Position  on  Respiratory 
Mechanics  and  Gas  Exchange  during  Acute 
Lung  Injury — Pelosi  P.  Tubiolo  D,  Mascheroni 
D.  Vicardi  P,  Crotti  S,  Valenza  F,  Gattinoni  L. 
Am  J  Respir  Crit  Care  Med  1998;157(2):387. 

We  studied  16  patients  with  acute  lung  injury 
receiving  volume-controlled  ventilation  to  as- 
sess the  relationships  between  gas  exchange  and 
respiratory  mechanics  before,  during,  and  after 
2  h  in  the  prone  position.  We  measured  the 
end-expiratory  lung  volume  (EELV,  helium  di- 
lution), the  total  respiratory  system  (Cst.rs),  the 
lung  (Cst.L)  and  the  thoracoabdominal  cage 
(Cst,w)  compliances  (end-inspiratory  occlusion 
technique  and  esophageal  balloon),  the  hemo- 
dynamics, and  gas  exchange.  In  the  prone  po- 
sition, P^Q,  increased  from  103.2  ±  23.8  to 
129.3  ±  32.9  mm  Hg  (p  <  0.05)  without  sig- 
nificant changes  of  Cst.rs  and  EELV.  However, 
Cst,w  decreased  from  204.8  ±  97.4  to  135.9  ± 
52.5  mL/cm  H^O  (p  <  0.01)  and  the  decrease 
was  correlated  with  the  oxygenation  increase 
(r  =  0.62,  p  <  0.05).  Furthermore,  the  greater 
the  baseline  supine  Cst,w.  the  greater  its  de- 
crease in  the  prone  position  (r  =  0.82,  p  < 
0,01).  Consequently,  the  oxygenation  changes 
in  the  prone  position  were  predictable  from  base- 
line supine  Cst.w  (r  =  0.80,  p  <  0.01 ).  Return- 
ing to  the  supine  position.  Cst.rs  increased  com- 


pared with  baseline  (42.3  ±  14.4  versus  38.4  ± 
13.7  niL/cni  H,0;  p  <  0.01 ),  mainly  because  of 
the  lung  component  (57.5  ±  25.1  versus 
52.4  ±  23.3  mL/cm  H,0;  p  <  0.01 ).  Thus,  ( 1 ) 
baseline  Cst,w  and  its  changes  may  play  a  role 
in  determining  the  oxygenation  response  in  the 
prone  position;  (2)  the  prone  position  improves 
Cst,rs  and  Cst.L  when  the  supine  position  is 
resumed. 

Time  Course  Evolution  of  Ventilatory  Re- 
sponses to  Inspiratory  Unloading  in  Pa- 
tients—Viale  JP,  Duperret  S,  Mahul  P. 
Delafosse  B.  Delpuech  C.  Wcismann  D.  Annat 
G.  Am  J  Respir  Crit  Care  Med   1998;  157(2): 


Inspiratory  muscle  unloading  decreases  venti- 
latory drive.  In  this  study,  we  examined  the 
time  course  of  this  effect  in  patients  with  chronic 
obstructive  pulmonary  disease  receiving  two 
modes  of  ventilatory  support:  pressure  support 
ventilation  (PSV),  during  which  each  cycle  was 
assisted,  and  biphasic  positive  airway  pres.sure, 
set  up  in  such  a  manner  that  one  spontaneous 
breath  took  place  between  two  consecutive  pres- 
sure-assisted breaths.  The  first  breath  following 
the  switch  from  spontaneous  breathing  to  PSV 
was  associated  with  an  increase  in  tidal  volume 
(Vy)  and  a  drop  in  mean  transdiaphragmatic 
pressure  (mean  Pdi)  and  inspiratory  work  (WI) 
performed  per  liter  but  with  unchanged  values 
of  esophageal  occlusion  pressure  at  100  ms  (Pes 
0.1 ),  diaphragmatic  electrical  activity  (EMGdi), 
and  WI  performed  by  breath.  The  same  phe- 
nomena were  observed  for  the  assisted  breath 
of  biphasic  positive  airway  pressure  as  com- 
pared with  the  preceding  spontaneous  breath. 
During  the  subsequent  breaths  of  PSV.  Pes  0.1, 
EMGdi,  and  WI  performed  per  breath  decreased 
progressively  up  to  the  sixth  to  eighth  breaths, 
and  VT  returned  to  pre-PSV  values.  We  con- 
clude that  in  patients  with  chronic  obstructive 
pulmonary  disease  the  decrease  in  ventilatory 
drive  associated  with  PSV  takes  place  from  the 
first  breath  onwards  but  requires  6-8  breaths  to 
be  fully  achieved.  During  biphasic  positive  air- 
way pressure,  as  a  consequence  of  the  kinetics 
of  the  PSV-induced  downregulation  of  ventila- 
tory drive,  assisted  breaths  following  spontane- 
ous breaths  are  characterized  by  an  enhanced 
inspiratory  efficiency. 

Ventilator-Associated  Pneumonia  Caused  by 
Potentially  Drug- Resistant  Bacteria — Trouil- 
let  JL.  Chastre  J.  Vuagnat  A.  Joly-Guillou  ML. 
Combaux  D,  Dombret  MC,  Gibert  C.  Am  J 
Respir  Crit  Care  Med  1998;157(2):531. 

To  determine  risk  factors  for  ventilator-associ- 
ated pneumonia  (VAP)  caused  by  potentially 
drug-resistant  bacteria  such  as  methicillin-re- 
sistant  Staphylococcus  aureus,  Pseudomonas 
aeruginosa.  Acinetobacter  baumannii.  and/or 
Slenotrophomoiuis  mallophilia.  1 35  consecutive 
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episodes  of  VAP  obsen ed  in  a  single  ICLI  nvcr 
a  25-nio  period  were  prospecti\el\  studied.  For 
all  patients.  VAP  was  diagnosed  based  on  re- 
sults ofbronchoscopic  protected  specimen  brush 
(£  10(3)  cfu/niL)  and  bronchoalveolar  lavage 
(s  10(4)  cfu/mL)  specimens.  Seventy-seven  ep- 
isodes were  caused  by  "potentially  resistant" 
bacteria  and  58  episodes  were  caused  by  "oth- 
er" organisms.  According  to  logistic  regression 
analysis,  3  variables  among  potential  factors 
remained  significant:  duration  of  mechanical 
ventilation  (MV)  >  7  d  (odds  ratio  [OR]  = 
6.0).  prior  antibiotic  u.se  (OR  =  13.-5),  and  prior 
use  of  broad-spectrum  drugs  (third-generation 
cephalosporin,  fluoroquinolone,  and/or  imi- 
penem)  (OR  =  4.1).  Distribution  of  the  245 
causative  bacteria  was  analyzed  according  to  4 
groups  defined  by  prior  duration  of  MV  ( <  7  or 
>  7  d)  and  prior  use  or  lack  of  use  (within  15  d) 
of  antibiotics.  Although  22  episodes  of  early- 
onset  VAP  in  patients  receiving  no  prior  anti- 
biotics were  caused  by  antibiotic-susceptible 
bacteria.  84  episodes  of  late-onset  VAP  in  pa- 
tients receiving  prior  antibiotics  were  mainly 
caused  by  potentially  resistant  bacteria.  Differ- 
ences in  the  potential  efficacies  (ranging  from 
100%  to  11%)  against  microorganisms  of  15 
antimicrobial  regimens  were  studied  according 
to  classification  into  these  4  groups.  These  find- 
ings may  provide  a  more  rational  basis  for  se- 
lecting the  initial  therapy  of  patients  suspected 
of  havmg  VAP. 

Respective  and  Combined  Effects  of  Prone 
Position  and  Inhaled  Nitric  Oxide  in  Patients 
with  Acute  Respiratory  Distress  Syndrome — 

Papazian  L.  Bregeon  F.  Gaillat  F.  Thirion  X. 
Gainnier  M.  Gregoire  R.  et  al.  Am  J  Respir  Crit 
Care  Med  1998-.157(2):580. 

Inhaled  nitric  oxide  (NO)  and  prone  position 
(PP)  are  two  of  the  new  therapeutics  proposed 
in  the  setting  of  acute  respiratory  distress  syn- 
drome (ARDS).  The  aim  of  this  study  was  to 
evaluate  the  hemodynamic  and  respiratory  ef- 
fects of  NO  and  prone  position  in  patients  with 
ARDS.  Fourteen  patients,  sedated,  paralyzed, 
and  ventilated  using  volume-control  mode,  were 
prospectively  investigated.  All  patients  had  a 
radial  artery  catheter,  a  pulmonary  artery  cath- 
eter, and  a  3-F  fiberoptic  thermistor  catheter 
advanced  via  the  femoral  artery  into  the  de- 
scending aorta.  The  protocol  consisted  of  7  phas- 
es: baseline  measurements  in  supine  position, 
SP  (TO);  SP  +  NO  (Tl );  baseline  2  in  SP  (T2); 
PP  without  NO  (T3):  NO  +  PP  (T4);  SP  +  NO 
(T5);  and  PP  +  NO  (Tfi).  Inhaled  NO  (Tl) 
induced  an  increa.se  in  POj/Fm,  (from  128  ± 
44  to  180  ±  75  mm  Hg,  p  <"0,004),  Prone 
position  (T3)  resulted  in  an  increase  in  PO,/ 
F,,,,  ( 193  ±  83  mm  Hg,  p  <  0.003  versus  TO). 
The  association  of  NO  with  PP  (T4)  resulted  in 
a  significant  improvement  in  POi/F,,,,  (261  1 
98  mm  Hg)  when  compared  with  TO.  Tl,  and 
T3.  Analysis  of  variance  showed  a  significant 


and  additive  cflecl  of  NO  and  PP  on  both  PO,/ 
Fr),  IP  <  0.000)  and  .shunt  fraction  (QS/QT) 
(p  <  0.01).  Since  the  association  of  NO  with 
PP  presents  additive  effects  on  o.xygenation.  this 
association  can  be  proposed  for  the  treatment  of 
ARDS. 

.Self-Conlrol  and  Kxternal  Control  of  Me- 
chanical \  entilation  (iive  Equal  Air  Hunger 
Relief — Bloch-Salisbury  E.  Spengler  CM. 
Brown  R.  Banzett  RB.  Am  J  Respir  Crit  Care 
Med  1998:157(21:415. 

Elevated  end-tidal  partial  pressure  of  CO, 
(PETCO,)  causes  air  hunger:  this  sensation  be- 
comes intense  with  a  relatively  small  rise  in 
PETCO,  if  ventilation  is  held  constant.  Spon- 
taneously breathing  subjects  increase  ventila- 
tion in  response  to  CO,,  thereby  greatly  dimin- 
ishing air  hunger.  In  healthy  subjects  and 
ventilator-dependent  patients,  experimenter-in- 
duced increases  in  ventilator  tidal  volume  (V^) 
relieve  air  hunger  even  if  PETCO,  is  kept  ele- 
vated. We  addres.sed  two  questions:  ( 1 )  Can 
paralyzed,  ventilator-dependent  patients  use  the 
sensation  of  air  hunger  to  effectively  control 
ventilator  V^.  using  nonrespiratory  motor  path- 
ways: and  (2)  Do  subjects  obtain  more  relief 
when  in  control  of  their  own  ventilator?  Four 
subjects  were  trained  to  increase  ventilator  V^ 
using  a  mouth-operated  switch.  Subjects'  rat- 
ings of  air  hunger  intensity  in  response  to  ele- 
vated PETCO,  were  compared  during  3  condi- 
tions: ( 1 )  constant  V^-;  (2)  subject-controlled 
V , :  and  (3)  experimenter-controlled  V.p,  When 
given  control  of  their  ventilator,  all  subjects 
increased  V^  in  response  to  increased  PETCO,. 
thereby  relieving  air  hunger.  Air  hunger  relief 
was  similar  when  the  experimenter  mimicked 
the.se  Vy  changes.  These  results  suggest  that: 
( 1 )  ventilator-dependent  patients  can  use  sen- 
sation, conscious  decisions,  and  nonrespiratory 
motor  pathways  to  achieve  an  appropriate  re- 
spiratory response  to  increased  P^q,  and  (2) 
control  of  one's  own  ventilation  is  unimportant 
in  these  circumstances. 

Effect  of  Lung  Volume  Reduction  Surgery 
on  Neuromcchanical  Coupling  of  the  Dia- 
phragm— Laghi  F.  Jubran  A,  Topcli  A,  Fahcy 
PJ,  Canity  ER  Jr,  Arcidi  JM,  et  al.  Am  .1  Respu 
Crit  Care  Med  1998;157(2):475. 

The  mechanisms  for  symptomatic  impro\  emcnl 
following  lung  vokinie  reduction  surgery  for 
emphysema  are  poorly  understood.  We  hypoth- 
esized that  enhanced  neuromcchanical  coupling 
of  the  diaphragm  is  an  important  factor  in  this 
improvement.  We  studied  7  patients  with  dif- 
fuse emphysema  before  and  3  mo  after  surgery. 
Patients  showed  improvements  in  6-min  walk- 
ing distance  (p  =  0.002)  and  dyspnea  (p  = 
0.04).  The  pressure  output  of  the  respiratory 
muscles,  quantified  as  pressure-time  product  per 
minute   (I'TP/min).   decreased   after  siirucrv 


(p  =  0.()3l.  as  did  P,,;-,,,  (p  =  0.02).  Maximal 
transdiaphragmatic  pressures  (Pd„„i,^)  increa.sed 
from  80.3  ±  9.5  (SE)  to  1 10.8  ±  9.3  cm  H,0 
after  surgery  (p  =  0.03).  and  the  twitch  trans- 
diaphragmatic pressure  response  to  phrenic 
nerve  stimulation  (Pj.^)  increased  from  17.2  ± 
2.4  to  25.9  ±  3.0  cm  H,0  (p  =  0.02):  these 
increases  were  greater  than  could  be  accounted 
for  by  a  decrease  in  lung  volume.  The  contri- 
bution of  the  diaphragm  to  tidal  breathing,  as- 
sessed by  relative  changes  in  ga.stric  and  trans- 
diaphragmatic pressures. increased  after  surgery 
(p  =  0.008).  Net  diaphragmatic  neuromcchani- 
cal coupling,  quantified  as  the  quotient  of  tidal 
volume  (normalized  to  total  lung  capacity)  to 
tidal  change  in  Pdi  (normalized  to  Pj,n,.,^).  im- 
proved after  surgery  (p  =  0.03)  and  was  related 
to  the  increase  in  6-min  walking  distance  (r  = 
0.86,  p  =  0.03)  and  decrease  in  dyspnea  (r  = 
0.76,  p  =  0.08).  In  conclusion,  lung  volume 
reduction  surgery  effects  an  improvement  in  di- 
aphragmatic function,  greater  than  can  be  ac- 
counted lor  by  a  decrea.se  in  operating  lung 
volume,  and  enhances  diaphragmatic  neuromc- 
chanical coupling. 


Variations  in  the  NRAMPI  Gene  and  Sus- 
ceptibility to  Tuberculosis  in  West  Africans — 

Bellamy  R.  Ruwcndc  C,  Corrah  T.  McAdam 
KP.  Whittle  HC,  Hill  AV.  N  Engl  J  Med  1998: 
33S(1()):64(). 

BACKGROUND:  Genetic  factors  may  affect 
the  susceptibility  to  tuberculosis,  but  no  spe- 
cific genes  governing  susceptibility  have  been 
identified.  In  mice,  natural  resistance  to  infec- 
tion with  some  mycobacteria  is  influenced  by 
the  gene  for  natural-resistance-associated  mac- 
rophage protein  1  (Nrampl ),  but  the  role  of  the 
human  homologue  of  this  gene.  NRAMPI.  in 
tuberculosis  is  unknown.  We  typed  polymor- 
phisms in  NRAMPI  in  a  case-control  study  of 
tuberculosis  in  the  Gambia.  West  Africa. 
METHODS:  Sequence-specific  oligonucleotide 
hybridization  and  microsatellite  analysis  were 
used  to  type  NRAMPI  polymorphisms  in  410 
adults  (mean  age.  34.7  years)  with  smear-pos- 
itive pulmonary  tuberculosis  and  41 7  ethnically 
matched,  healthy  controls.  Patients  with  human 
immunodeficiency  virus  infection  were  ex- 
cluded. RESULTS:  Four  NRAMPI  polymor- 
phisms were  each  significantly  associated  with 
tuberculosis.  Subjects  who  were  heterozygous 
for  two  NRAMPI  polymorphisms  in  intron  4 
and  the  3'  untranslated  region  of  the  gene  were 
particularly  overreprcsented  among  those  with 
tuberculosis,  as  compared  with  those  with  the 
most  common  NRAMPI  genotype  (odds  ratio, 
4.07:  95  percent  confidence  interval,  1.86  to 
9.12:  chi-square  =  14.58:  p  <  0.001).  CON- 
CLUSIONS: Genetic  variation  in  NRAMPI  af- 
fects susceptibility  to  tuberculosis  in  West  Af- 
ricans. See  the  reUtled  etiiloriiil:  The  Evolving 
Relation  between  Hinnans  and  Mvcohacte- 
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rium  Tuberculosis.  Bloom  BR,  Small  PM. 
N  Engl  J  Med  1998:338(10):677-678. 


An  Outbreak  Involving  Extensive  Transmis- 
sion of  a  Virulent  Strain  of  Mycobacterium 
Tuberculosis — Valway  SE.  Sanchez  MP,  Shin- 
nick  TF.  Orme  I.  Agerton  T.  Hoy  D,  el  al. 
N  Engl  J  Med  1998;338(  10):633. 

BACKGROUND  &  METHODS:  From  1994  to 
1996.  there  was  a  large  outbreak  of  tuberculosis 
in  a  small,  rural  community  with  a  population 
at  low  risk  for  tuberculosis.  Twenty-one  pa- 
tients with  tuberculosis  (15  with  positive  cul- 
tures) were  identified;  the  DNA  fingerprints  of 
the  1 3  isolates  available  for  testing  were  iden- 
tical. To  determine  the  extent  of  transmission, 
we  investigated  both  the  close  and  casual  con- 
tacts of  the  patients.  Using  a  mouse  model,  we 
also  studied  the  virulence  of  the  strain  of  My- 
cobacterium tuberculosis  that  caused  the  out- 
break. RESULTS:  The  index  patient,  in  whom 
tuberculosis  was  diagnosed  in  1995;  the  source 
patient,  in  whom  the  disease  was  diagnosed  in 
1994;  and  a  patient  in  whom  the  disease  was 
diagnosed  in  1996  infected  the  other  18  per- 
sons. In  5.  active  disease  developed  after  only 
brief,  casual  exposure.  There  was  extensive 
transmission  from  the  3  patients  to  both  close 
and  casual  contacts.  Of  the  429  contacts,  3 1 1 
02%)  had  positive  skin  tests,  including  86  with 
documented  skin-test  conversions.  Mice  in- 


fected with  the  virulent  Erdman  strain  of  M. 
tuberculosis  had  approximately  1000  bacilli  per 
lung  after  10  days  and  about  10,000  bacilli  per 
lung  after  20  days.  In  contrast,  mice  infected 
with  the  strain  involved  in  the  outbreak  had 
about  10,000  bacilli  per  lung  after  10  days  and 
about  10  million  bacilli  per  lung  after  20  days. 
CONCLUSIONS:  In  this  outbreak  of  tubercu- 
losis, the  growth  characteristics  of  the  strain 
involved  greatly  exceeded  those  of  other  clini- 
cal isolates  of  M.  tuberculosis.  The  extensive 
transmission  of  tuberculosis  may  have  been  due 
to  the  increased  virulence  of  the  strain  rather 
than  to  environmental  factors  or  patient  char- 
acteristics. See  the  related  editorial:  The  Evolv- 
ing Relation  between  Humans  and  Mycobac- 
terium Tuberculosis.  Bloom  BR,  Small  PM. 
N  Engl  J  Med  1998;338(10):677-678. 


Deaths  from  Unintentional  Carbon  Monox- 
ide Poisoning  and  Potential  for  Prevention 
with  Carbon  Monoxide  Detectors — Yoon  SS. 
Macdonald  SC.  Parrish  RG.  JAMA  1998; 
279(9):685. 

CONTEXT:  Unintentional  carbon  monoxide 
(CO)  poisoning  causes  approximately  2100 
deaths  in  the  United  States  per  year,  but  the  use 
of  CO  detectors  could  potentially  prevent  many 
of  these  deaths.  OBJECTIVE:  To  describe  the 
epidemiology  of  potentially  preventable  unin- 
tentional CO  poisoning  deaths  in  New  Mexico. 


DESIGN:  Descriptive  analysis.  POPULATION 
STUDIED:  A  total  of  136  deaths  from  CO  poi- 
soning investigated  by  the  New  Mexico  Office 
of  the  Medical  Investigator,  1980  through  1995. 
MAIN  OUTCOME  MEASURES:  Characteris- 
tics of  deaths  from  CO  poisoning;  estimates  of 
the  number  of  deaths  potentially  preventable 
with  CO  detectors.  RESULTS:  Of  136  people 
whose  deaths  were  classified  as  "unintentional 
carbon  monoxide  poisoning,  not  fire  related," 
49  (36'7r)  most  likely  were  asleep  when  poi- 
soned. Thirty-nine  (49%)  of  80  people  whose 
deaths  were  identified  as  "residential  fatalities" 
most  likely  were  asleep  vs  10  (18%)  of  56  of 
those  whose  deaths  were  identified  as  occurring 
in  or  around  motor  vehicles.  A  blood-alcohol 
level  greater  than  0.0 1  %  was  present  in  56  (42%) 
of  the  decedents.  Among  decedents  who  had  a 
negative  blood-alcohol  level  (52  in  residences 
and  26  in  vehicles),  an  electronic  audible  CO 
detector  may  have  prevented  CO  poisoning; 
whereas,  among  those  who  had  a  negative  blood- 
alcohol  level  and  most  likely  were  awake  at  the 
time  of  CO  exposure  (28  in  residences  and  23 
in  vehicles),  an  electronic  detector  or  a  nonau- 
dible.  chemical  reagent  type  detector  may  have 
prevented  CO  poisoning.  CONCLUSION:  Dif 
ferences  exist  between  deaths  due  to  uninten- 
tional CO  poisoning  that  occur  in  residences 
and  those  that  occur  in  or  around  motor  vehi- 
cles. Carbon  monoxide  detectors,  whether  the 
electronic  or  chemical  reagent  types,  may  have 
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prevenled  appro.\imalcl\  hall  nl  these  dealhs. 
The  high  proportion  of  decedents  with  alcohol 
in  their  blood  indicates  that  effective  public 
health  campaigns  must  address  the  role  of  al- 
cohol in  CO  poisoning  deaths, 

KfTect  of  Pneumonia  and  W  hooping  Cough 
in  Childhood  on  Adult  l.ung  Function — 
Johnston  ID,  Strachan  UP.  Anderson  HR. 
N  Engl  J  Med  1998;338(9):581. 

BACKGROUND:  Previous  studies  have  sug- 
gested that  respiratory  infection  during  child- 
hood is  associated  with  respiratory  disease  in 
adulthood,  but  the  link  is  unclear  because  of 
retrospective  ascertainment  of  childhood  infec- 
tion, selection  bias,  and  confounding  factors. 
METHODS:  We  studied  the  effects  of  child- 
hood pneumonia  and  whooping  cough  in  1,392 
British  adults  followed  from  birth  in  1958.  Of 
these.  193  had  a  history  of  pneumonia  and 
213  a  history  of  whooping  cough  by  the  age  of 
7  years.  When  the  subjects  were  34  or  35  years 
old.  their  forced  expiratory  volume  in  one  .sec- 
ond (FEV|)  and  forced  vital  capacity  (FVC) 
were  measured  before  and  after  they  inhaled 
albuterol.  RESULTS:  A  history  of  pneumonia 
was  associated  with  deficits  ( ±  95%  confidence 
limits)  in  both  FEV,  (102  ±  73  mL.  p  =  0.006) 
and  FVC  ( 173  ±  70  mL.  p  =  0.001 )  when  the 


analysis  was  adjusted  for  sex.  height,  and  smok- 
ing, with  no  change  in  the  ratio  of  FEV,  to 
FVC.  These  deficits  persisted  after  inhalation 
of  albuterol.  In  subjects  with  no  history  of 
wheezing,  the  deficit  in  FEV,  was  155  ±  122 
mL  (p  =  0.01),  in  those  with  past  wheezing  it 
was  41  ±  128  niL  (p  =  0.53),  and  in  those  with 
cunent  wheezing  it  was  119  ±  133  mL  (p  = 
0.08).  The  effect  was  no  greater  for  the  subjects 
who  had  pneumonia  at  less  than  two  y  of  age 
than  for  those  who  had  it  between  the  ages  of  2 
and  7  years  and  was  not  diminished  after  con- 
trol for  multiple  confounding  factors.  The  def- 
icits associated  with  whooping  cough  were 
smaller  (FEV,.  41  ±  70  mL;  p  =  0.25;  FVC. 
8 1  ±  76 mL:  p  =0.04).  CONCLUSIONS:  Child- 
hood pneumonia  is  associated  with  reduced  ven- 
tilatory function  in  adults.  This  reduction  is  in- 
dependent of  a  history  of  wheezing  and  is  not 
explained  by  other  confounding  factors. 

Delivery  of  Hyperbaric  Oxygen  Therapy  to 
Critically  111,  Mechanically  Ventilated  Chil- 
dren—Keenan  HT,  Bratton  SL,  Norkool  DM, 
Brogan  TV,  Hampson  NB.  J  Crit  Care  1998; 
I3(l):7. 

PURPOSE:  The  purpose  of  this  article  is  (1 )  to 
describe  our  method  of  mechanical  ventilation 
and  monitoring  of  critically  ill  children  during 


administration  of  hyperbaric  oxygen  therapy 
(HBO, I  in  a  multiplace  chamber;  and  (2)  to 
review  the  complications  they  experienced  dur- 
ing transport  to  the  HBO,  chamber  and  HBO, 
treatment.  MATERIALS  &  METHODS:  A  case 
series  from  a  university-affiliated  children's  hos- 
pital and  regional  hyperbaric  medicine  treat- 
ment facility.  Patients  studied  included  all  chil- 
dren who  required  HBO,  therapy  while 
mechanically  ventilated  at  any  time  between 
April  1985  and  June  1995.  RESULTS:  Thirty- 
two  children  were  treated  with  HBO,  while  me- 
chanically ventilated.  Ages  ranged  froin  3  days 
to  11.3  years  (mean  4.8  ±  3.5  years).  There 
were  22  males.  Twenty-one  children  had  necro- 
tizing infections,  9  had  carbon  monoxide  (CO) 
poisoning,  and  2  had  iatrogenic  arterial  air  em- 
bolism. Complications  or  events  occurring  dur- 
ing HBO,  therapy  included  hypotension  (63%). 
bronchospasm  (34%).  hemotympanum  (13%), 
and  progressive  hypoxemia  (6% ).  The  only  com- 
plication during  transport  was  one  accidental 
extubalion  (3%).  CONCLUSION:  Hyperbaric 
oxygen  therapy  can  be  administered  safely  to 
most  critically  ill  children  in  a  multiplace  cham- 
ber if  they  are  monitored  closely.  Although  com- 
plications are  not  uncommon,  inost  can  be  man- 
aged easily  by  a  team  skilled  in  treating  ill 
children  and  knowledgeable  of  possible  com- 
plications of  HBO,  therapy. 
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Aerosol  Therapy  with  Metered  Dose  Inhalers  during  Mechanical 
Ventilation:  The  Need  tor  In  Vitro  Tests 


The  manufacturers  of  metered  dose  inhalers  (MDIs)  pro- 
vide a  high-quaUty  product.  The  purity,  stability,  and  po- 
tency of  the  drug  in  the  MDI  formulation  are  ensured,  and 
the  "shot  potency"  of  MDIs  is  tested  for  accuracy  and 
reproducibility  for  the  specified  number  of  doses.'  The 
mass  median  aerodynamic  diameter  (MMAD)  and  geo- 
metric standard  deviation  of  the  aerosol  particles  are  mea- 
sured by  use  of  a  variety  of  multistage  impactors.- '  Aero- 
sol particle  size  is  also  determined  by  use  of  light-scattering 
devices,  single-particle  optical  sizers.  aerodynamic  parti- 
cle sizers.  or  automatic  image  analyzers  with  optical  mi- 
croscopes.' The  primary  purpose  of  such  tests  is  to  deter- 
mine the  fraction  of  the  dose  contained  within  fine, 
respirable  particles,  eg.  those  <  5  /i-m  in  aerodynamic 
diameter.-*  "^  Theoretically,  these  particles  should  deposit  in 
the  lungs. ^  In  addition,  there  is  a  large  body  of  literature 
proving  the  efficacy  of  these  devices  in  clinical  use.^  For 
these  reasons,  further  in  vitro  testing  of  MDIs  may  be  of 
questionable  value. 

See  The  Original  Study  on  Page  705 


Although  the  current  standards  of  in  vitro  testing  are 
vital  for  ensuring  quality  control  of  aerosols  generated  by 
MDIs.  their  clinical  application  is  limited.  Various  labo- 
ratory tests  cannot  accurately  predict  the  fraction  of  an 
MDI  dose  that  will  deposit  in  the  patient's  lower  respira- 
tory tract.  The  "respirable  mass"  and  the  "fine  particle 
fraction"  have  been  suggested  as  predictors  of  aerosol  dep- 
osition within  the  lung;-  "*  "^  however,  the  clinical  relevance 
of  these  measurements  has  not  been  established.'  A  more 
precise  laboratory  model  could  provide  reference  standaids 
that  would  be  of  immense  value  in  making  the  results  ob- 
tained from  in  vitro  tests  more  meaningful  for  clinicians. 

There  are  several  reasons  for  the  lack  of  correlation 
between  aerosol  deposition  predicted  by  in  vitro  tests  and 
the  values  measured  in  vivo.  First,  in  vitro  testing  with  a 
cascade  impactor.  the  reference  standard  for  testing  MDIs. 
uses  a  constant  air  flow.  In  contrast,  tidal  volume,  inspira- 
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tory  air  flow,  breathing  frequency,  and  mouth  versus  nose 
breathing  vary  widely  among  patients.  The  performance  of 
MDIs  under  these  diverse  conditions  cannot  be  tested  with 
a  cascade  impactor.  Moreover,  cascade  impactors  do  not 
reliably  measure  the  effect  of  actuation  that  is  asynchro- 
nous with  inspiration,  a  common  problem  among  patients 
using  MDIs.**''  Vaiiations  in  the  anatomy  of  the  upper  airway 
among  individuals,  particularly  in  the  size  of  the  larynx,  make 
it  extremely  difficult  to  coirelate  data  obtained  in  vitro  by  use 
of  cascade  impaction  with  actual  in  vivo  lung  deposition.'" 
Therefore,  additional  in  vitro  tests  are  needed  to  detemiine 
the  efficiency  of  aerosol-generating  devices  under  a  variety 
of  conditions  encountered  in  clinical  practice. 

Second,  the  need  for  in  vitro  testing  arises  when  an  MDI 
is  combined  with  an  accessory  device.  For  example,  when 
a  spacer  is  used  with  an  MDI,  many  factors  influence  drug 
output:  dimensions  and  shape  of  the  spacer;  material  used 
to  manufacture  the  spacer;  number,  position,  design,  and 
size  of  the  baffles;  electrostatic  charge  on  the  inner  surface 
of  the  device;  number  of  doses  actuated  into  the  device  per 
inhalation;  and  the  interval  between  actuation  and  inhala- 
tion."''^ Clark  and  Lipworth'-*  found  a  2-fold  reduction  in 
the  systemic  bioavailability  of  albuterol  in  healthy  volun- 
teers who  delayed  inspiration  from  a  spacer  and  when 
multiple  puffs  were  discharged  into  the  spacer  before  in- 
halation. Therefore,  the  performance  of  an  MDI  in  com- 
bination with  an  accessory  device  can  differ  significantly 
from  that  of  the  MDI  alone. 

Finally,  the  use  of  aerosol-generating  devices  in  diverse 
clinical  situations  requires  testing  with  in  vitro  models  that 
simulate  the  specific  clinical  scenario,  such  as  aerosol  ther- 
apy in  infants  and  children  and  for  patients  with  different 
diseases.  Moreover,  a  multitude  of  factors  influence  aero- 
sol therapy  during  mechanical  ventilation,  '"  and  many  of 
these  factors  differ  from  those  that  influence  aerosol  ther- 
apy in  ambulatory,  nonintubated  patients.  For  example, 
millions  of  ambulatory  patients  use  MDIs  on  a  daily  basis, 
but  an  MDI  cannot  be  used  in  a  ventilator  circuit  with  the 
actuator  supplied  by  the  manufacturer.  Once  the  canister  is 
uncoupled  from  its  original  actuator,  it  and  the  new  actua- 
tor become  a  unique  device  with  aerosol  characteristics 
and  performance  that  differ  from  those  of  the  original 
canister-actuator  combination.  In  addition,  the  breathing 
pattern  of  mechanically  ventilated  patients  is  different  from 
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that  ol'  nonintubated  patients.  Thus,  laboratory  tests  can 
help  verify  the  performance  and  efficiency  of  various  MDI 
devices  during  mechanical  ventilation. 

Several  investigator.s  have  successfully  modeled  the  pa- 
tient-ventilator interface  in  vitro." -•*  These  investigations 
found  that  aerosol  delivery  depends  on  the  type  of  spacer, 
humidity  in  the  ventilator  circuit,  synchronization  of  aero- 
sol actuation  with  inspiratory  air  flow,  and  the  ventilatory 
parameters  used  during  mechanical  ventilation. 

In  an  important  investigation  reported  in  this  issue  of 
Respiratory  Care,  -^  Rau  et  al  compare  the  efficacy  of  5 
different  spacer  devices  in  a  model  of  mechanical  venti- 
lation: a  novel,  bidirectional,  inline  spacer,  the  Airlife 
MiniSpacer  (Allegiance  Healthcare  Corp,  McGaw  Park, 
IL),  another  inline  spacer  (Hudson  RCI®.  Temecula  CA), 
and  3  chamber  spacers  (Aero Vent,  Monaghan  Medical 
Corp,  Plattsburgh,  NY:  Aerosol  Cloud  Enhancer  [ACE], 
DHD  Healthcare,  Canastota  NY;  and  Airlife  MediSpacer, 
Allegiance  Healthcare  Corp).  Rau  et  al  found  differences 
of  3-  to  4-fold  in  drug  delivery  beyond  the  endotracheal 
tube  among  the  various  devices  tested.  The  bidirectional 
inline  spacer  performed  as  efficiently  as  some  spacer  cham- 
bers, and  was  superior  to  the  unidirectional  inline  spacer. 
Moreover,  the  performance  of  the  various  devices  varied 
with  the  type  of  MDI  (albuterol/flunisolide)  used.  This 
investigation  is  probably  the  first  to  report  differences  in 
the  delivery  of  flunisolide  with  various  spacers.  Thus,  all 
the  spacers  delivered  lesser  amounts  of  flunisolide  (as  a 
percent  of  the  nominal  dose)  than  albuterol  (range  30- 
59%  decrease  in  flunisolide  vs  albuterol  delivery).  Al- 
though inhaled  corticosteroids  are  not  commonly  admin- 
istered to  mechanically  ventilated  patients,-*-^  the  decrease 
in  flunisolide  output  is  applicable  to  its  use  with  other 
accessory  devices  in  nonintubated  patients.  Such  discrep- 
ancies in  drug  delivery  are  likely  to  translate  into  differ- 
ences in  therapeutic  response  when  flunisolide  is  admin- 
istered by  use  of  various  accessory  devices. 

Spacer  devices  that  are  used  to  connect  MDIs  in  venti- 
lator circuits  include  elbow  adapters,  inline  devices,  and 
chamber  or  reservoir  adapters.  The  elbow  adapters  connect 
to  the  endotracheal  tube,  whereas  the  inline  and  chamber 
adapters  are  placed  in  the  inspiratory  limb  of  the  ventilator 
circuit.-'*  The  jet  produced  by  an  MDI  exits  the  actuator  at 
the  speed  of  a  car  on  an  interstate  expressway,  rapidly 
expands  into  a  flume,  and  dissipates  within  100  msec  in 
still  air.-''  This  information  is  pertinent  to  aerosol  therapy 
with  MDIs  during  mechanical  ventilation.  Actuation  of  the 
aerosol  device  at  a  distance  from  the  endotracheal  tube 
allows  the  velocity  of  the  jet  to  decrease  before  encoun- 
tering the  narrowest  part  of  the  ventilator  circuit  and  re- 
duces losses  due  to  inertial  impaction.  Moreover,  the  use 
of  a  chamber  spacer  allows  the  flume  to  expand  without 
impacting  on  the  walls  of  the  device.  Propellant  evapora- 
tion in  the  expanding  fknne  decreases  the  size  of  the  drug 


particles  before  entrainment  in  the  inspiratory  air  flow. 
The  ventilator  circuit  acts  as  an  extended  baffle,  and  only 
fine  particles  (diameter  ^2  /Ltm)-'  can  successfully  nego- 
tiate the  many  impediments  in  their  path  en  route  to  the 
distal  end  of  the  endotracheal  tube. 

The  finding  by  Rau  et  al  that  the  chamber  spacers  per- 
formed better  than  the  unidirectional  inline  spacer  agrees 
with  those  of  previous  investigators.-"-'  However,  the  use 
of  a  bidirectional  inline  spacer  is  a  novel  concept.  Such  a 
spacer  increases  the  volume  of  air  into  which  the  aerosol 
is  actuated  and  correspondingly  produces  a  1.5-  to  2.5-fold 
increase  in  aerosol  delivery  compared  with  that  achieved 
with  the  unidirectional  inline  spacer.  Of  interest,  the  di- 
mensions of  the  bidirectional  spacer  were  much  smaller 
than  tho.se  of  the  chamber  spacers,  but  its  efficiency  of 
drug  delivery  was  comparable  with  that  of  2  (Aero Vent 
and  ACE)  of  the  3  chamber  spacers. 

The  investigation  of  Rau  et  al  has  several  merits.  They 
used  a  humidified  ventilator  circuit  to  better  simulate  the 
conditions  encountered  in  clinical  practice.  Humidified  ven- 
tilator circuits  reduce  aerosol  delivery  by  40-50%  com- 
pared with  delivery  using  dry  circuits.'^'**-'-''  Previous  in 
vitro  investigations  were  done  using  dry  ventilator  cir- 
cuits; however,  mechanically  ventilated  patients  receive 
warmed  and  humidified  gases.  Thus,  humidity  in  the  venti- 
lator circuit  was  a  major  reason  for  the  discrepancy  between 
in  vitro  and  in  vivo  values  of  aerosol  delivery  during  me- 
chanical ventilation.*"'  The  ventilator  settings  used  by  Rau  et 
al  correspond  to  the  ventilatory  parameters  commonly  used 
in  patients.  Moreover,  they  directly  measured  drag  deposition 
on  filters  to  quantitate  aerosol  delivery,  and  the  location  of  the 
devices  in  the  ventilator  circuit  was  appropriate  and  clinically 
feasible.  The  distance  from  the  endotracheal  tube  was  not 
comparable  for  all  of  the  devices.  However,  this  difference  is 
unlikely  to  have  contributed  significantly  to  the  variations  in 
dnig  output  among  the  various  devices. 

One  limitation  of  the  study  by  Rau  et  al  is  that  MDI 
actuation  was  not  synchronized  with  inspiration  for  all  of 
the  devices.  While  actuation  was  synchronized  with  inspi- 
ration when  the  inline  spacers  and  MediSpacer  were  used, 
there  was  a  1-s  delay  between  actuation  and  inspiration 
with  the  Aero  Vent  and  ACE.  Diot  et  al-'  showed  that  a  1-s 
to  1 .5-s  delay  decreases  the  efficiency  of  the  Aero  Vent  by 
35%.  A  similar  effect  could  occur  with  the  ACE.  Thus,  a 
1-s  delay  between  actuation  and  inspiration  may  have  con- 
tributed to  the  observed  differences  in  aerosol  delivery  by 
the  Aero  Vent  or  ACE  spacer  versus  the  MediSpacer.  De- 
spite this  drawback,  Rau  et  al  are  correct  in  concluding 
that  the  outcome  of  therapy  may  be  influenced  by  the 
efficiency  of  the  device  used  to  actuate  the  MDI  in  the 
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ventilator  circuit.  The  impact  ot  the  spacer  on  aerosol 
delivery  was  pointed  out  by  Newhouse  and  Fuller  in  a 
classic  editorial.'"  Subsequently,  a  few  clinical  trials  have 
confirmed  that  the  response  to  bronchodilator  therapy  ad- 
ministered with  an  MDI  in  mechanically  ventilated  pa- 
tients depends  on  the  type  of  spacer  used  to  actuate  the 
MDI  in  the  ventilator  circuit. '"^" 

Rau  and  colleagues  raise  another  important  issue,  ie.  the 
difference  in  the  performance  of  various  spacers  with  dif- 
ferent drug  canisters.  The  u.se  of  flunisolide  instead  of 
albuterol  reduced  the  dose  of  the  drug  emitted  from  vari- 
ous spacers  by  30-59%.  Ahrens  and  colleagues'^  reported 
that  the  performance  of  4  chamber  devices  in  combination 
with  4  different  MDI  canisters  differed  not  only  between 
spacer  devices,  but  the  performance  of  each  device  varied 
with  the  type  of  MDI  canister  used.  Similarly,  albuterol 
formulations  containing  chlorofluorocarbon  versus  hy- 
drofluoroalkane  propellants  in  combination  with  various 
spacers*'"^  and  albuterol  versus  salmeterol  canisters  used 
with  the  AeroVent,  ACE.  and  MediSpacer  in  a  model  of 
mechanical  ventilation  show  differences  in  drug  output 
(personal  observation).  Thus,  each  spacer  and  drug  canis- 
ter combination  is  unique,  and  a  universal  actuator  or 
adapter  that  can  work  equally  well  with  a  variety  of  drug 
canisters  has  not  been  developed.  In  addition  to  the  dif- 
ferences in  the  diameter  and  design  of  the  canister  nozzle, 
the  pressure  inside  the  canister,  the  concentration  of  the  drug, 
the  size  of  the  orifice  in  the  actuator  or  adapter,  and  the 
ambient  temperature  influence  the  amount  and  characteristics 
of  the  aerosol  generated  by  an  MDI-spacer  combination.'^ 
Therefore,  in  vitro  tests  are  necessary  to  verify  the  efficiency 
of  any  canister  when  used  in  combination  with  an  actuator 
other  than  that  designed  by  the  manufacturer. 

A  product  with  all  the  desirable  characteristics  of  a  good 
aerosol-generating  device  may  perform  well  in  certain  clin- 
ical situations  but  not  in  others.  In  vitro  tests  ensure  that 
various  devices  perform  efficiently  in  appropriately  sim- 
ulated clinical  situations.  Successful  aerosol  therapy  in 
mechanically  ventilated  patients  requires  meticulous  atten- 
tion to  the  technique  of  administration.  In  vitro  tests  have 
identified  subtle  differences  in  the  use  of  MDIs  that  influ- 
ence the  fraction  of  the  aerosol  delivered  to  the  lower 
respiratory  tract  of  mechanically  ventilated  patients.  Care- 
fully performed  in  vitro  tests  can  be  of  great  value  in 
guiding  aerosol  therapy  during  mechanical  ventilation. 
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Respiratory  Care  Protocols:  How  Can  the  Time  Required  For 
Change'  Be  So  Protracted? 


As  I  get  older,  I  become  more  impatient  with  health  care 
options  that  seem  to  have  inordinately  long  gestation  pe- 
riods. This  very  week,  for  example,  has  been  spent  in 
frustrating  dialog  with  the  Health  Care  Financing  Admin- 
istration regarding  the  role  and  function  of  respiratory  care 
practitioners  (RCPs)  in  skilled  nursing  facilities  (SNFs). 
As  the  Prospective  Payment  System  (PPS)  is  rolled  out,  it 
appears  that  RCPs  will  be  replaced  in  many  of  the  facili- 
ties by  variously  trained,  skilled  and  credentialled  mem- 
bers of  the  nursing  service,  whose  qualifications  to  deliver 
respiratory  care  services  are  questionable,  at  best.' 

I  have  the  uncomfortable  feeling  that  I  (we)  have  been 
down  this  road  before!  Indeed,  review  of  my  own  experi- 
ence reveals  that  we  have  had  these  vei-y  same  conversa- 
tions with  reimbursement  agencies  before — in  1970,  for 
example,  in  a  similar  furor  with  Blue  Cross/Blue  Shield  in 
California!  Misallocation  of  respiratory  care  revenues  was 
the  issue  then,  although  it  was  referred  to  in  those  halcyon 
days  as  'appropriateness."  Then,  and  now,  it  was  (is)  'time 
for  a  change"  in  which  RCPs  need  to  step  up  to  the  plate 
and  prove  that  their  assessment,  treatment  selection,  and 
technical  delivery  skills  characterize  them  as  the  best 
trained,  most  competent  allied  health  care  workers  to  de- 
liver these  services,  therapist-driven  protocols  (TDPs)  have 
allowed  the  profession  a  venue  for  these  demonstrations. 

In  an  article  which  appears  in  this  volume  of  Respira- 
tory Care,-  the  author,  Dr  James  Stoller,  does  not  refer  to 
one  of  his  own  publications,-^  which  five  years  ago  sug- 
gested that  the  'time  for  a  change"  might  well  be  upon  us. 
Then,  and  now,  he  pointed  out  the  need  for  additional 
studies  to  evaluate  the  soundness  of  the  respiratory  care 
protocol/therapist  driven  protocol  paradigm.  Indeed!  In  the 
era  of  evidence-based  medicine,  one  can  hardly  argue  with 
his  desire  for  more  prospective,  randomized  controlled 
trials  of  both  the  clinical  and  financial  aspects  of  the  TDP 
approach,  or  for  better  mechanisms  by  which  the  TDP 
paradigm  can  be  used  more  effectively  in  the  training  of 
house-staff  physicians,  and  for  that  matter,  respiratory  care 
students. 


Correspondence:  George  G  Burton  MD,  Medical  Director,  Respiratory 
Services.  Kettering  Medical  Center,  3535  Southern  Blvd.  Kettering  OH 
45429. 


I  would  suggest  that  the  reader  consider  Stoller' s  re- 
view- in  light  of  the  cuirent  PPS  conundrum.  In  SNFs, 
home  health  agencies  and  other  'nontraditional"  sites  re- 
mote to  hands-on  medical  direction  and  direct  physician 
involvement,  the  TDP  "movement"  has  gained  a  measure 
of  acceptance  as  a  cost-effective  paradigm  to  enhance  ap- 
propriate allocation  of  respiratory  care  services.  In  SNFs, 
for  example,  physicians  are  required  to  make  rounds  (at  a 
minimum)  only  once  in  30  days.  Registered  nurses,  whose 
standards-*  suggest  that  they  are  competent  to  perform  such 
services,  need  to  be  present  only  40  hours  per  week;  the 
clear  majority  of  residents  (patients)  cannot  be  expected  to 
give  respiratory  treatments  to  themselves!  And  yet,  despite 
all  sorts  of  appeals  to  logic,  RCPs  are  in  great  danger  of 
being  regulated  out  of  SNF  work  by  the  PPS. 

What  a  great  opportunity  for  appropriately  controlled 
studies  of  outcomes  to  serve  as  grist  for  Dr.  Stoller's  mill! 
I  believe  that  such  studies  (in  SNFs)  will  identify  an  enor- 
mous amount  of  umler-\ii\\\zdiX\on,  compared  to  the  rank 
over-utilization  seen  in  the  acute  care  setting.  RCPs  work- 
ing in  SNFs  will  need  to  understand  that  the  need  for  their 
services  may  not  be  apparent  on  the  admission  MDS-II 
(Minimum  Data  Set)  fonn.  Indeed,  things  regularly  "go 
bump  in  the  night""  in  such  facilities,  often  with  less  than 
classic  clinical  presentations:  acute  bronchospasm,  aspira- 
tion of  gastric  contents,  nosocomial  pneumonia,  tubercu- 
losis, pulmonary  embolism,  congestive  heart  failure,  atel- 
ectasis, and  acute  respiratory  failure  constitute  my  'short 
list"  of  such  conditions. 

It  is  becoming  clear  that  cost  savings  alone  are  but  a 
portion  of  the  TDP  windfall.  Clinical  outcomes  and  uni- 
formity of  care  through  consistent  adherence  to  data-based, 
rational  standard  clinical  practice  guidelines  appear  to  be 
enhanced,  in  addition  to  modest  conservation  of  financial 
resources. 

See  The  Special  Article  on  Page  719 

The  RCP  who  knows  answers  to  the  questions,  "What's 
going  on  here?""  "How  severe  is  the  problem?'"  and  "What 
can  be  done  about  it?"  is  truly  protocol  safe  and  ready. 
The  immediate  future  will  test  his  or  her  competitive  edge 
in  the  PPS-driven  SNF  beyond  the  July  I,  1998  imple- 
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mentalion  dale.  Tlie  respiratory  care  profession's  own  in- 
ternal documents  suggest  that  he  or  she  has  been  taught*^ 
and  tested"  more  thoroughly  than  other  health  profession- 
als clustered  around  the  respiratory  patient's  bedside. 

From  now  on  coinpewiue  will  be  the  real  issue.  The 
time  for  a  change  has  arrived! 

George  G  Burton  MD 

Medical  Director 

Respiratory  Services 

Kettering  Medical  Center 

Kettering.  Ohio 
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A  Comparison  of  Inline  MDI  Actuators  for  Delivery  of  a  Beta 

Agonist  and  a  Corticosteroid  with  a  Mechanically 

Ventilated  Lung  Model 

Joseph  L  Rail  PhD  RRT.  Crystal  L  Dunlevy  EdD  RRT.  and  Richard  L  Hill 

EVTRODUCTION:  The  type  of  metered  dose  inhaler  (MDI)  actuator/adaptor  as  well  as  the  type  of  drug 
used  may  influence  the  dose  of  drug  delivered  to  intubated,  ventilated  subjects.  PURPOSE;  The  purpose 
of  this  study  was  to  evaluate  MDI  aerosol  drug  delivery  of  albuterol  (Proventil®)  and  flunisolide  (Aero- 
Bid®)  through  an  endotracheal  tube  (ETT)  using  a  novel  bidirectional  nonreservoir  actuator  ,  the 
Allegiance  Healthcare  Corp  Airlife  MiniSpacer  (MiniSpacer)  in  comparison  with  four  other  MDI 
actuator/reservoir  devices.  METHODS:  The  MiniSpacer  was  compared  to  the  DHD  Healthcare  Aerosol 
Cloud  Enhancer  (ACE),  the  Allegiance  HeaHhcare  Corp  Airlife  MediSpacer  (MediSpacer),  the  Mon- 
aghan  Medical  Corp  Aero  Vent  (Aero  Vent),  and  the  Hudson  RCI®  Inline  MDI  Adaptor  (Hudson  Inline) 
for  MDI  administration  of  albuterol  and  flunisolide,  using  a  mechanically  ventilated  lung  model.  Drug 
dose  was  collected  at  the  end  of  the  ETT  on  a  filter  and  was  analyzed  by  spectrophotometer.  Drug 
delivery  at  the  end  of  the  ETT  is  expressed  as  a  percent  of  the  dose  measured  from  the  MDI.  RE^SULTS: 
Mean  (standard  deviation)  doses  of  albuterol  were:  Hudson  Inline — 12.0%  (0.9),  MiniSpacer — 17.2% 
(1.2),  AeroVent— 17.7%  (2.5),  ACE— 30.0%  (2.0),  and  MediSpacer— 31.8%  (1.6).  Mean  (standard  de- 
viation) doses  of  flunisolide  were:  Hudson  Inline— 5.0%  (0.9).  AeroVent— 11.4%  (1.8),  ACE— 12.4% 
(2.8),  MiniSpacer — 13.1  %  (2.2)  and  MediSpacer — 21.0%  (1.8).  There  were  significant  differences  across 
device  types  (p  <  0.005),  for  both  albuterol  and  flunisolide  delivery  by  one-way  analysis  of  variance 
(ANOVA).  CONCLUSION;  The  new  nonreservoir  bidirectional  MDI  adaptor  (MiniSpacer)  was  supe- 
rior to  the  unidirectional  Hudson  nonreservoir  adaptor  in  dose  delivery  through  an  ETT  for  both 
albuterol  and  flunisolide.  For  delivery  of  albuterol,  the  bidirectional  adaptor  was  equivalent  to  the 
AeroVent  reservoir  but  not  as  efficient  as  the  MediSpacer  or  ACE  reservoirs.  For  delivery  of  flunisolide, 
the  bidirectional  adaptor  was  equivalent  to  both  the  ACE  and  the  AeroVent,  but  lower  than  the 
MediSpacer.  Delivery  of  the  corticosteroid  flunisolide  was  lower  for  all  devices  compared  to 
albuterol.  [Respir  Care  1998;43(9):7()5-712]  Key  words:  Aerosol  delivery,  inline  MDI  activators,  lung  mod- 
els, mechanical  ventilation,  metered  dose  inhalers,  spacer  devices. 


Introduction 

There  are  a  variety  of  devices  available  for  administering 
metered  dose  inhaler  (MDI)  medications  to  intubated  patients 


Joseph  L  Rau  PhD  RRT  is  Professor  and  Chair.  Cardiopulmonary  Care 
Sciences,  Georgia  State  University.  Atlanta  Georgia.  Crystal  L  Dunlevy 
EdD  RRT  is  Visiting  Professor,  and  Richard  L  Hill  is  Research  Associ- 
ate, both  also  associated  with  Cardiopulmonary  Care  Sciences,  Georgia 
State  University.  Atlanta.  Georgia. 

Dr  Rau  presented  a  version  of  this  paper  during  the  annual  Open  fori'M 
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Reprints  and  Correspondence:  Joseph  L  Rau  PhD  RRT,  Cardiopulmo- 
nary Care  Sciences,  Georgia  State  University.  Atlanta  GA  30303. 
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on  mechanical  ventilation.  Previous  in  vitro  and  in  vivo  test- 
ing has  shown  that  the  type  of  MDI  actuator  can  influence  the 
dose  of  dnig  delivered  at  the  end  of  the  endotracheal  tube 
(ETT).  Elbow  actuator/adaptors  on  the  ETT  were  generally 
found  to  deliver  less  bronchodilator  drug  through  an  ETT 

See  The  Related  Editorial  on  Page  699 

when  compared  to  reservoir  devices.'-'  An  in  vitro  study 
by  Bishop  et  al  found  that  a  T-type  actuator  (Instrumen- 
tation Industries  RTC-22)  placed  inline  proximal  to  the 


This  study  was  supported  by  a  grant  from  Allegiance  Healthcare  Inc.  The 
authors  have  no  financial  or  other  interest  in  the  products  evaluated. 
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A  Comparison  of  Inline  MDI  Actuators 


inline  nonreservoir 
device 
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Fig.  1 .  Equipment  configuration  for  in  vitro  lung  model  testing  of  reservoir  and  nonreservoir  MDI  actuating  devices  for  inline  ventilator 
delivery. 


patient  Y,  delivered  a  greater  volume  of  aerosol  broncho- 
dilator  drug  particles  in  the  1-5  jam  size  range  than  the 
elbow  type  of  adaptor,  but  less  volume  compared  to  a 
reservoir  device  (the  Monaghan  AeroChamber  inline  spac- 
er*).' The  in  vivo  study  by  Fuller  et  al  reported  that  an 
inline  T-type  device  delivered  less  bronchodilator  drug  to 
the  lungs  than  either  reservoir  devices  of  varying  volume 
or  an  elbow  type  of  adaptor.'  The  T-type  adaptor  is  often 
refened  to  as  an  inline  nonchamber,  or  nonreservoir.  de- 
vice. The  nonreservoir  inline  MDI  adaptors  have  minimal 
volume  compared  to  reservoir  devices,  and  this  may  ac- 
count for  the  lower  drug  delivery  with  the  T-type  devic- 
es.' ■♦  The  type  of  MDI  drug  used,  such  as  /S,  agonist  or 
corticosteroid,  has  also  been  shown  by  Ahrens  et  al  to 
affect  the  delivery  performance  of  reservoir  devices.'^  This 
variation  may  affect  performance  of  nonreservoir  inline 
T-type  adaptors  as  well,  and  has  not  been  evaluated  in  the 
literature. 

Recently  a  novel  inime.  nonreservoir  type  of  MDI  ac- 
tuator has  been  developed  by  Thayer  Medical  Inc.  and 
marketed  by  Allegiance  Healthcare  Inc.  which  offers  a 
bidirectional  aerosol  spray  when  placed  inline  in  the  in- 
spiratory limb  of  a  ventilator  breathing  circuit.  This  design 
theoretically  offers  a  greater  holding  voluine  for  the  aero- 
sol, compared  to  the  unidirectional  spray  from  previous 
inline  nonreservoir  actuators.  The  increased  volume  for 
the  aerosol  spray  plume  may  improve  drug  delivery  for 
this  type  of  nonreservoir  device.  The  purpose  of  this  study 
was  to  evaluate  dose  delivery  of  an  MDI  bronchodilator 


*Suppliers  of  cdtnincrcMl  piculiKls 
sCLlMin  at  tlic  t-rul  (il  Ihc  IcM. 


ulcnliliccl  in  the  I'liidiKt  Some 


and  corticosteroid  drug  through  an  ETT  with  the  nonres- 
ervoir bidirectional  adaptor  compared  to  3  available  res- 
ervoir devices  and  a  unidirectional  inline  nonreservoir  de- 
vice, using  a  mechanically-ventilated  adult  lung  model. 

Materials  and  Methods 

Lung  Model  A  Puritan  Bennett  Model  MA-1  (MA-1) 
provided  positive  pressure  breaths  to  a  dual-chainbered 
test  lung,  with  Compliance  setting  =  50  mL/cm  H^O.  and 
Resistance  set  by  the  8.0  mm  tubing  of  the  test  lung,  using 
a  disposable  adult  ventilator  circuit  (Dart  Respiratory,  Uni- 
Set).  The  MA-1  voluine  setting  was  adjusted  to  achieve  a 
delivered  volume  of  approximately  800  mL  to  the  test  lung 
at  a  respiratory  rate  =  lO/min  and  flow  =  60  L/min.  Use 
of  the  lung  simulator  provided  both  an  inspiratory  and 
expiratory  phase  during  drug  dose  measures.  Volume,  in- 
spiratory flow,  and  respiratory  rate  were  verified  prior  to 
dose  measure,  using  the  BioTek  adult  ventilator  testor. 
Model  VT-1.  The  test  lung  and  the  expiratory  limb  of  the 
ventilator  circuit  were  isolated  using  a  high  efficiency  par- 
ticulate air  (HEPA)  filter  to  prevent  aerosol  drug  contam- 
ination of  the  lung  or  environment.  A  servo-controlled 
Fisher  &  Paykel  heated  humidifier  (Model  MR  480)  was 
used  to  provide  approximate  saturation  of  inspired  gas 
between  30-35"  C,  as  measured  at  the  circuit  Y-piece.  A 
right  angle  adaptor  connected  the  circuit  Y-piece  to  an  8.0 
mm  inner  diameter  ETT.  Aerosol  drug  was  collected  on  a 
filter  between  the  end  of  the  ETT  and  the  test  lung.  The 
distal  tip  of  the  ETT  was  inserted  through  a  15  mm  adaptor 
and  the  cuff  inflated.  The  adaptor  was  inserted  into  the 
larger  22  mm  port  of  the  collecting  I'ilter,  with  the  Murphy 
eye  and  tip  projecting  into  the  filter  housing  but  not  touch- 
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Fig.  2.  Diagram  of  reservoir  and  nonreservoir  MDI  actuating  devices  for  inline  ventilator  delivery,  giving  dimensions  of  each  device  and 
direction  of  aerosol  drug  spray.  Device  illustrations  are  not  to  scale  with  respect  to  each  other. 


ing  the  filter  material.  A  diagram  of  the  configuration  is 
shown  in  Figure  I.  The  ETT  was  oriented  horizontally  to 
prevent  condensation  and  wash-through  of  aerosol  drug  to 
the  collecting  filter,  and  the  natural  curve  of  the  ETT  was 
preserved  during  dose  delivery.  The  predictive  validity  of 
in  vitro  bench  tests  of  aerosol  delivery  has  been  estab- 
lished by  Fuller  et  al  and  by  O'Riordan  et  al.*"  '  In  their 
studies,  in  vitro  results  generally  gave  higher  absolute 
amounts  of  drug  delivery  compared  to  in  vivo,  but  pro- 
portional differences  between  devices  or  delivery  methods 
remain  accurate. 

The  bidirectional  actuator/adaptor  T  (MiniSpacer)  was 
compared  with  four  other  brands  of  MDI  actuator/adaptor: 
the  DHD  Healthcare  Inc  Aerosol  Cloud  Enhancer  (ACE), 
the  Allegiance  Healthcare  Corp  Airlife  MediSpacer  (Me- 
diSpacer), the  Monaghan  Medical  Corp  AeroVent  (Aero- 
Vent),  and  the  Hudson  RCI®  Inline  MDI  Adaptor  (Hud- 
son Inline).  Diagrams  of  the  five  MDI  adaptors  are  shown 
in  Figure  2.  Assembly  of  reservoirs  and  actuator/adaptors 
followed  manufacturers"  specifications.  The  ACE,  Aero- 
Vent  and  MediSpacer  reservoirs  were  placed  on  the  in- 
spiratory limb  of  the  ventilator  circuit,  just  proximal  to  the 
Y-piece.  The  ACE  was  placed  in  a  reverse-firing  position, 
and  the  MediSpacer  and  AeroVent  reservoirs  in  a  forward- 
firing  position.  Both  the  Hudson  Inline  adaptor  and  the 


MiniSpacer  were  placed  in  the  inspiratory  limb  of  the 
ventilator  circuit,  22  cm  upstream  from  the  Y-piece,  to 
allow  comparison  with  the  in  vivo  study  of  an  inline  non- 
reservoir  device  as  reported  in  Fuller  et  al.' 

Study  Design  Using  a  separate  MDI  of  the  drug  being 
tested,  5  actuations  of  albuterol  (Proventil'^)  or  of  fluni- 
solide  (AeroBid®),  respectively,  were  discharged  initially 
through  each  device  to  be  tested,  and  then  the  reservoir/ 
adaptor  washed  and  dried  prior  to  any  test  dose  measures. 
This  was  intended  to  remove  or  lessen  any  electrostatic 
charge  which  may  affect  the  dose  delivery  measures  on 
new  and  unused  devices.'*  "'* 

The  same  MDI  canister  and  ETT  were  used  for  dose 
measurement  for  each  sample  set  of  the  5  different  brands 
of  MDI  actuating  devices,  to  minimize  dose  variability  due 
to  different  MDIs  or  tubes.  Between  each  dose  measure- 
ment with  a  brand  in  a  sample  set,  the  ETT  and  connectors 
were  rinsed  with  distilled  water  and  dried.  A  new  MDI 
canister  and  ETT  were  assigned  to  each  set  of  5  brands.  A 
total  of  6  different  MDIs  were  used  for  each  drug  tested, 
one  for  each  sample  set  of  5  brands  of  actuating  device.  No 
MDI  canister  used  for  dose  measures  exceeded  50%  ex- 
haustion, to  further  ensure  accurate  doses.  Full  MDI  can- 
isters were  obtained  for  the  trials  and  weighed  to  verify 
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equivalent  fullness.  Each  new  canister  had  5  actuations 
discharged  prior  to  its  first  use  for  dose  measures.  Canis- 
ters were  shaken  prior  to  use;  one  actuation  was  discharged 
to  prime  the  valve  if  the  canister  had  not  been  used  in  the 
preceding  4  hours.  The  ventilator  circuit  and  each  MDI 
actuator  device  were  allowed  to  warm  up  and  stabilize  at 
the  desired  temperature  range  of  30-35°  C. 

The  dose  from  each  of  the  6  MDIs  used  for  testing  was 
measured  separately.  The  mouthpiece/actuator  of  the  MDI 
was  attached  directly  to  the  collecting  filter,  which  was 
connected  to  a  vacuum  pump  operated  at  a  constant  30 
L/min.  For  albuterol,  a  total  of  5  actuations  were  delivered 
to  the  filter,  with  30-second  intervals  and  shaking  between 
actuations.  The  MDI  dose  of  tlunisolide  was  similarly  mea- 
sured, using  3  actuations. 

For  measurement  of  albuterol  delivery  through  the  ETT. 
1 2  MDI  actuations  were  used  to  provide  an  adequate  amount 
of  drug  on  the  filter  for  accurate  dose  measurement.  The 
nominal  dose  of  albuterol  with  each  actuation  is  100  fj,g 
from  the  canister  valve.  Similarly,  for  testing  of  flunisolide 
delivery,  5  MDI  actuations  were  used  to  provide  adequate 
drug  on  the  filter  for  measurement.  The  nominal  dose  of 
flunisolide  is  250  ixg  from  the  valve  per  MDI  actuation. 
Drug  amounts  collected  at  the  end  of  the  ETT  were  then 
expressed  as  dose  per  actuation,  as  a  percent  of  the  pre- 
viously measured  MDI  dose.  The  order  was  rotated  in 
which  each  of  the  5  brands  was  tested.  Six  samples  of  each 
of  the  5  brands  were  tested,  with  both  albuterol  and  fluni- 
solide. Separate  sets  of  the  6  samples  were  used  for  the  2 
different  drugs  tested. 

Ail  MDI  actuations  with  the  actuators  tested  were  syn- 
chronized with  the  beginning  of  inspiration,  following  the 
manufacturers"  instructions.  For  the  MediSpacer  and  the 
inline  nonreservoir  MiniSpacer,  MDI  actuation  coincided 
with  a  manually  triggered  inspiration,  using  a  simple  count 
rhythm.  For  the  ACE  and  AeroVent,  MDI  actuation  pre- 
ceded a  rnanually  triggered  inspiration  by  approximately  1 
second,  using  the  same  count  rhythm.  Since  no  instruc- 
tions were  given  with  the  Hudson  actuator  for  the  timing 
of  MDI  actuation  and  inspiration,  the  MDI  actuation  co- 
incided with  the  manually  triggered  inspiration  as  with  the 
MediSpacer  and  MiniSpacer.  Following  each  MDI  actua- 
tion, the  ventilator  delivered  4  more  breaths  at  the  rate  of 
10/min,  to  give  a  total  of  30  seconds  between  each  MDI 
actuation  for  valve  refill.  The  MDI  was  shaken  between 
each  of  the  individual  actuations.  Actuation  intervals  of  30 
seconds,  with  shaking  between  actuations,  did  not  affect 
MDI  total  or  respirable  dose  (defined  as  <  6.8  /xm)  in 
Everard  et  al's  study.'"  The  same  operator  activated  all 
MDI  doses  to  minimize  inter-operator  variability.  The  ACE. 
MediSpacer,  and  AeroVent  devices  were  held  horizon- 
tally, with  the  MDI  in  a  vertical  position.  Both  of  the  inline 
nonreservoir  devices  were  held  manually,  with  the  22  cm 
of  large-bore  tubing  connecting  to  the  patient  Y  main- 


tained in  a  horizontal,  approximately  straight  position.  In- 
spiratory tubing  upstream  of  the  nonreservoir  device  was 
allowed  to  droop  naturally. 

Measurement  of  Drug  All  drug  measures  were  per- 
formed by  spectrophotometric  assay,  with  a  Beckman  DU 
640  spectrophotorneter.  Accuracy  of  wavelength  was  ver- 
ified prior  to  measures  using  a  holmium  oxide  filter  with 
known  wavelength  pattern  of  absorbances.  The  spectro- 
photometer was  calibrated  to  a  baseline  zero  using  solvent 
with  no  drug.  Prior  to  each  testing  session,  a  standard 
premixed  solution  of  either  albuterol  or  flunisolide  was 
sampled  and  the  absorbance  verified  to  determine  reliabil- 
ity of  measures.  Following  drug  collection  with  albuterol, 
the  collecting  filter  was  washed  with  20  mL  of  an  aqueous 
solution  of  0.4  M  KHiPOj  (potassium  phosphate,  mono- 
basic) and  0.2  M  HCl  (hydrochloric  acid)  for  approxi- 
mately 2  minutes  with  mild  agitation,  to  dissolve  the  drug. 
Preliminary  trials  verified  that  additional  drug  was  not 
recovered  with  a  longer  wash  time.  The  sample  solution 
was  drawn  up  from  the  filter  with  a  glass  syringe,  and 
absorbance  measured  at  a  wavelength  of  276  nm.  Drug 
concentration  was  calculated  by  linear  regression  fitted  to 
serial  dilutions  of  known  albuterol  concentrations  with 
previously  measured  absorbances.  Drug  concentrations 
as  dilute  as  1  jxg/mL  produced  absorbance  readings  in 
the  second  decimal  place.  The  drug  concentration  was 
calculated  for  20  mL  of  total  solution,  and  averaged  as 
a  per  actuation  dose.  Measurement  of  flunisolide  col- 
lected at  the  end  of  the  ETT  was  the  same  as  for  albu- 
terol, except  for  the  use  of  ethanol  as  a  solvent.  The 
sample  solution  was  measured  at  a  wavelength  of  240 
nm.  The  drug  assay  allowed  detection  of  drug  concen- 
trations as  low  as  0.5  to  1 .0  jag/mL. 

Data  Analysis  Descriptive  statistics  provide  the  mean, 
standard  deviation  and  a  959c  confidence  interval  (CI)  for 
dose  delivery  by  each  device.  Statistical  comparisons 
among  the  5  devices  for  dose  delivery  were  performed  by 
both  a  nonparametric  Kruskal-Wallis  analysis  of  variance 
(ANOVA),  as  well  as  by  a  parametric  one-way  ANOVA, 
since  sample  sizes  were  small  (n  =  6,  for  each  device). 

Results 


Temperature  of  the  inspired  gas  in  the  lung  model  for 
albuterol  delivery  averaged  34.0^'  C  (SD  =  0..V5).  Table  1 
gives  summary  statistics  for  the  amount  of  albuterol  de- 
livered to  the  filter  at  the  end  of  the  ETT,  expressed  as  a 
percent  of  the  dose  measured  from  the  MDI  used,  for  each 
type  of  MDI  actuating  device  tested.  The  average  MDI 
dose  measured  for  albuterol  from  the  6  MDIs  used  was 
87.0  ±  3.0  jLig. 
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Siininiiiry  of  dose  delivery  for  alhiiteiol  and  riunisoliile  at  ihe  end  o(  the  ETT  for  each  device,  expressed  as  a  percent  ol  the  measured 
MDI  dose.  For  each  drug,  devices  are  listed  in  order  ol  drug  delivery  amount,  least  to  greatest;  devices  with  the  same  superscript  (*.  t. 
j.)  did  not  differ  significantly  from  each  other  in  dose  delivery.  SD  =  standard  deviation:  CI  =  confidence  interval;  n  =  6  each  brand 


Albuterol: 

Hudson  Inline* 

MiniSpacert 

AeroVentt 

ACEt 

MediSpacerl 

Mean  (SD) 

12.0<7r  (0.9) 

17.2%  (1.2) 

17.7%  (2.5) 

30.0%  (2.0) 

31.8%  (1.6) 

95Vc  CI 

11.1-13.0?^ 

16.0-18.5% 

15.1-20.3% 

27.8-32.1% 

30.1-33.4% 

Flunisolide: 

Hudson  Inline* 

AeroVentt 

ACEt 

MiniSpacert 

MediSpacert 

Mean  (SD) 

5.0%  (0.9) 

11.4%  (1.8) 

12.4%  (2.8) 

13.1%  (2.2) 

21.0%  (1.8) 

95'?;  CI 

4,0-.S.9% 

9.5-1. \.^% 

9.4-15.3% 

1(),S-15.4% 

19.2-22.8% 

Analysis  of  variance  was  performed,  using  a  signifi- 
cance level  of  0.05  to  detect  differences.  Both  the  non- 
parametric  Kruskal-Wallis,  and  one-way  ANOVA  indi- 
cated a  significant  difference  across  brands  (p  <  0.005)  for 
delivery  of  albuterol.  Follow-up  comparisons  using  the 
Scheffe  test  showed  a  significant  difference  (p  <  0.05) 
between  brands  with  different  symbols  in  superscript  (*,  t, 
±),  as  shown  in  Table  1.  The  bidirectional  MDI  adaptor 
(MiniSpacer)  delivered  a  larger  average  dose  of  albuterol 
compared  to  the  Hudson  Inline  adaptor,  and  was  equiva- 
lent to  the  Monaghan  AeroVent,  but  not  as  efficient  as  the 
DHD  ACE  or  the  Allegiance  MediSpacer. 

The  level  of  extractables  from  the  collecting  filter  with 
the  aqueous  solvent  was  measured  at  276  nm  using  20  mL 
of  solvent  in  a  sample  of  filters  with  no  drug  or  other 
substance  present.  The  average  (SD)  of  absorbances  mea- 
sured in  this  way  with  4  filter  samples  was  0.0006  (0.0029). 
The  signal-to-noise  ratio,  given  the  absorbances  from  the 
actual  measured  drug  solutions,  was  calculated  as  0.5% 
to  1.4%. 

Temperature  of  the  inspired  gas  in  the  lung  model  for 
flunisolide  delivery  averaged  30.6"  C  (SD  =  0.54).  Table 
1  also  gives  summary  statistics  for  the  amount  of  fluni- 
solide delivered  to  the  filter  at  the  end  of  the  ETT,  ex- 
pressed as  a  percent  of  the  dose  measured  from  the  MDI 
used,  for  each  type  of  MDI  actuating  device  tested.  The 
average  MDI  dose  measured  for  flunisolide  was  243.9  ± 
10.0  /xg  (n  =  6).  Both  the  nonparametric  Kruskal-Wallis 
and  one-way  ANOVA  indicated  a  significant  difference 
across  brands  (p  <  0.005)  for  delivery  of  flunisolide.  Fol- 
low-up comparisons  using  the  Scheffe  test  showed  a  sig- 
nificant difference  (p  <  0.05)  between  brands  with  differ- 
ent symbols  in  superscript  (*,  t,  t),  as  shown  in  Table  1. 
For  delivery  of  flunisolide,  the  bidirectional  MDI  adaptor 
(MiniSpacer)  was  equivalent  to  both  the  ACE  and  the 
AeroVent,  but  lower  in  dose  delivery  than  the  Medi- 
Spacer. 

The  level  of  extractables  from  the  collecting  filter  with 
the  ethanol  solvent  was  measured  using  20  mL  of  solvent 


in  a  sample  of  filters  with  no  drug  or  other  substance 
present.  The  average  (SD)  of  absorbances  measured  in  this 
way  with  4  filter  samples  was  0.0098  (0.003).  For  the 
Hudson  Inline  adaptor  with  absorbance  measures  that  av- 
eraged 0. 1 259,  the  average  noise  ratio  was  7.8%.  The  noise 
level  with  ethanol  and  the  collecting  filter  was  higher  than 
that  seen  with  the  aqueous  solvent. 

Discussion 

Inline  nonreservoir,  or  T-type  MDI  adaptors,  attach  to 
the  corrugated  tubing  of  the  inspiratory  limb  of  the  venti- 
lator circuit.  This  type  of  MDI  adaptor  uses  the  inspiratory 
tubing  as  a  reservoir  for  the  aerosol  plume,  since  there  is 
negligible  internal  holding  volume  to  the  adaptor  itself. 
This  design  offers  several  advantages:  no  water  or  fluid 
accumulation,  minimal  weight  on  the  circuit  and  ETT,  and 
no  need  to  open  the  ventilator  circuit  for  continual  inser- 
tion/removal. Due  to  the  relatively  small  internal  diameter 
of  the  corrugated  inspiratory  tubing,  high  inertial  impac- 
tion loss  could  be  expected,  and  this  may  be  the  primary 
mechanism  for  the  lower  aerosol  delivery  seen  with  inline 
nonreservoir  devices.  The  design  of  the  MiniSpacer  pro- 
vides a  bidirectional  spray.  The  aerosol  released  from  the 
MDI  is  divided,  with  approximately  equal  portions  di- 
rected into  the  inspiratory  tubing  toward  the  patient  as 
well  as  upstream  toward  the  ventilator.  As  a  result  of  this 
bidirectional  design,  the  MiniSpacer  effectively  doubles 
the  holding  volume  for  the  aerosol  plume.  The  same  amount 
of  aerosol  is  now  contained  in  twice  the  amount  of  in- 
spiratory tubing.  In  theory,  the  loss  due  to  inertial  impac- 
tion would  be  expected  to  decline,  with  a  conesponding 
increase  in  drug  delivery.  The  results  obtained  for  both 
albuterol  and  for  flunisolide  delivery  with  the  bidirectional 
MDI  adaptor  (MiniSpacer)  supported  this  theoretical  pre- 
diction: drug  delivery  increased  compared  to  the  unidirec- 
tional Hudson  Inline  MDI  adaptor,  from  12%  to  17%,  and 
from  5%  to  13%,  respectively,  for  the  2  drugs.  For  albu- 
terol, the  bidirectional  inline  adaptor  delivered  doses  to  the 
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end  of  the  ETT  thai  were  ec|iiivalent  to  the  AeroVent  (ap- 
proximately \19c  ot"  the  MDI  dose),  but  that  were  lower 
than  the  dose  seen  with  the  ACE  or  the  MediSpacer,  both 
of  which  delivered  approximately  SOVr  of  the  MDI  dose. 
With  flunisolide  delivery,  the  bidirectional  inline  adaptor 
was  as  efficient  as  either  the  AeroVent  or  the  ACE.  with 
all  3  devices  delivering  approximately  12%  of  the  MDI 
dose.  Again,  the  MediSpacer  delivered  a  larger  percentage 
of  the  MDI  dose,  with  approximately  2\%  of  the  flunisol- 
ide dose  reaching  the  end  of  the  ETT. 

The  improved  drug  delivery  with  the  increased  holding 
volume  obtained  by  the  bidirectional  aerosol  spray  is  con- 
sistent with  results  previously  obtained  by  Moren."  Moren 
measured  the  loss  of  terbutaline  sulfate  in  actuator  tubes  of 
various  lengths  and  diameters,  as  well  as  in  a  pear-shaped 
reservoir  device.  As  the  tube  diameter  increased  from  24 
mm  to  32  mm.  loss  of  aerosol  drug  decreased.  The  large 
pear-shaped  reservoir,  which  was  250  mm  in  length  and 
130  mm  in  diaineter  at  its  widest  point,  gave  the  lowest 
aerosol  loss,  as  would  be  expected.  In  comparison,  the 
outside  diameter  of  both  of  the  inline  nonreservoir  devices 
tested  in  the  present  study  were  22  mm.  Moren's  results 
support  the  theory  that  increased  holding  volume  can  re- 
duce aerosol  loss,  which  may  be  a  function  of  inertial 
impaction.  We  suspect  that  this  is  the  basis  for  the  greater 
efficiency  seen  with  the  ACE  and  MediSpacer  in  the  de- 
livery of  albuterol.  The  ACE  and  the  MediSpacer  have  the 
greatest  length  and  internal  diameter  of  the  3  reservoir 
devices,  which  should  theoretically  minimize  internal  in- 
ertial impaction  of  the  aerosol  plume.  This  is  proportion- 
ally similar  to  Moren's  dose  measures  with  the  pear-shaped 
reservoir. 

The  results  of  the  present  study,  which  showed  the  low- 
est aerosol  drug  delivery  for  albuterol  with  the  unidirec- 
tional inline  nonreservoir  device  (Hudson  Inline  adaptor). 
are  consistent  with  results  obtained  by  both  Fuller  et  al.  as 
well  as  by  Bishop  et  al.  Fuller  et  al  found  that  an  inline 
nonreservoir  device  (the  Instrumentation  Industries  T-type 
device,  model  not  specified)  delivered  less  drug  to  the 
lungs  in  vivo,  than  either  a  700  niL  or  a  167  mL  reservoir 
device.'  The  bench  study  by  Bishop  et  al  similarly  found 
that  an  inline  nonreservoir  device,  the  Instrumentation  In- 
dustries RTC-22.  delivered  a  lower  volume  of  particles  < 
5.0  jLtm,  as  well  as  a  lower  percentage  of  MDI  dose,  com- 
pared to  a  Monaghan  AeroChamber  Inline  spacer.'  The  2 
studies  differed  on  the  dose  comparison  between  the  inline 
nonreservoir  device  and  a  right-angle  MDI  adaptor  placed 
directly  on  the  ETT.  However,  this  may  have  been  due  to 
differences  in  the  studies,  such  as  the  placement  of  the 
inline  device,  use  of  humidified  gas  in  Fuller's  study,  and 
in  vivo  versus  in  vitro  conditions  in  the  two  studies. 

In  vitro  delivery  of  albuterol  with  the  AeroVent  reser- 
voir device,  using  a  model  of  mechanical  ventilation,  has 
been  reported  by  several  investigators.  Fink  et  al  reported 


that  16.97f  ±  2.0%  of  the  dose  of  MDI  albuterol  was 
delivered  through  an  ETT  to  filters  on  artificial  "bronchi," 
with  an  AeroVent  placed  on  the  inspiratory  limb  proximal 
to  the  patient  Y,  using  humidified  inspiratory  gas.'-  A 
study  by  Diot  et  al  comparing  the  AeroVent  to  the  Mar- 
quest  MDI  adaptor  showed  that  15.4%  ±  0.2  of  the  nom- 
inal dose  of  MDI  albuterol  was  delivered  to  a  filter  at  the 
end  of  the  ETT.  using  a  model  of  mechanical  ventilation 
with  humidity."  In  the  study  by  Diot  et  al,  the  AeroVent 
was  placed  20  cm  above  the  Y-piece  on  the  inspiratory 
limb.  Both  of  these  amounts  agree  closely  with  the  17.7% 
±  2.5%  for  albuterol  delivery  with  the  AeroVent  in  our 
study.  This  degree  of  consistency  for  the  AeroVent  device 
with  the  previous  two  studies  serves  to  corroborate  the 
validity  of  the  present  results. 

A  significant  result  of  the  present  study  is  the  difference 
in  efficiency  of  the  same  device,  when  delivering  the  /Si 
agonist  albuterol,  and  the  corticosteroid  flunisolide.  This 
difference  of  delivery  efficiency  with  different  types  of 
drugs  has  been  reported  in  the  1995  study  by  Ahrens  et  al.^ 
In  general,  we  found  that  each  device  measured  delivered 
a  lower  percentage  of  MDI  dose  with  the  corticosteroid 
flunisolide,  compared  to  the  /3i  agonist  albuterol.  The  av- 
erage dose  of  flunisolide  across  all  the  devices  was  ap- 
proximately 12.6%  of  the  MDI  dose  compared  to  21.7% 
for  albuterol.  The  percentage  of  albuterol  MDI  dose  de- 
livered at  the  end  of  the  ETT  ranged  from  12%-32%. 
whereas  the  percentage  of  flunisolide  MDI  dose  was  5%- 
21%.  for  the  various  devices  in  our  study  (Table  1).  This 
represents  a  decrease  in  dose  delivery  for  flunisolide  coin- 
pared  to  albuterol  from  approximately  30%  to  over  50%. 
Results  of  our  study  cannot  be  compared  directly  to  those 
of  Ahrens  et  al.  Ahrens  et  al  measured  delivered  dose  from 
4  brands  of  reservoirs  using  cascade  impaction  testing  in 
contrast  to  our  use  of  a  lung  model,  with  a  biphasic  breath- 
ing cycle,  an  ETT.  humidity,  and  different  tlowrates  dur- 
ing our  inspiratory  phase  when  drug  was  collected  on  the 
filter.  The  ACE  was  the  only  reservoir  cominon  to  both 
studies.  Despite  these  differences.  Ahrens  et  al's  study 
similarly  found  that  with  the  ACE.  the  dose  of  flunisolide 
collected  in  the  impactor  (both  throat  and  stages)  was  17% 
of  the  total  MDI  dose,  whereas  the  dose  of  albuterol  col- 
lected was  41%  of  the  MDI  dose.  This  represents  a  59% 
decrease  in  MDI  dose  delivery  for  flunisolide  compared  to 
albuterol.  In  our  study,  the  ACE  delivered  30%  of  the  MDI 
dose  of  albuterol,  but  only  13.1%  of  the  dose  of  flunisol- 
ide, a  56%  decrease  in  efficiency  similar  to  that  seen  by 
Ahrens  and  colleagues.  Reasons  for  the  difference  in  de- 
livery efficiency  for  the  j3  agonist  compared  to  the  corti- 
costeroid are  debated.  A  common  explanation  put  forth  is 
that  the  nozzle  of  the  MDI  canister  differs  in  diameter 
between  the  two  drugs  albuterol  and  flunisolide.  However, 
the  actuator  nozzle  receptacle  in  both  reservoir  and  non- 
reservoir MDI  inline  dc\ices  is  iMii\ersal  for  drim  caiiis- 
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lers.  It  is  hypothesized  thai  the  MDI  canisier  ii(i//ies  of 
different  drugs  will  not  fit  exactly  the  same  into  the  inte- 
gral actuator  receptacle,  and  that  this  may  affect  the  par- 
ticle size  distribution,  the  respirable  mass  (commonly  de- 
fined as  particles  <  4.7  /xm  for  the  Andersen  cascade 
impactor)  and  the  total  drug  mass  delivered  with  different 
drugs.  The  influence  of  nozzle  fit  into  the  integral  actuator 
on  drug  deli\'ery  would  be  in  addition  to  that  of  the  ac- 
tuator geometry.  The  formulations  of  Proventil'^'  brand  of 
albuterol  and  AeroBid*'  brand  of  tlunisolide  differ  to  some 
extent  as  well.  Both  MDI  formulations  are  microcrystal- 
line  suspensions.  Proventil'"'  is  forinulated  with  propellants 
trichloromonofluoromethane  and  dichloroditluorometh- 
ane.  along  with  oleic  acid  as  a  dispersing  agent.  AeroBid'* 
incorporates  the  same  propellants  as  listed  for  Proventil® 
with  the  addition  of  dichlorotetratluorethane,  and  a  differ- 
ent dispersing  agent,  sorbitan  trioleate.  Regardless  of  the 
cause(s),  it  is  important  to  be  aware  that  in  vitro  testing 
with  various  methodologies  shows  a  difference  in  drug 
delivery  efficiency  for  devices  with  integral  actuators,  when 
using  different  types  of  drugs.  All  inline  MDI  actuators  for 
ventilator  use  currently  employ  integral  actuators. 

The  in  vitro  results  reported  here  support  the  need  for  an 
in  vivo,  clinical  comparison  of  different  inline  MDI  actu- 
ating devices,  both  reservoir  and  nonreservoir.  that  are 
commonly  available  for  aerosol  delivery  with  mechanical 
ventilation.  While  significant  dose  delivery  differences  are 
seen  in  bench  testing,  it  remains  to  be  determined  whether 
these  differences  will  produce  significantly  different  clin- 
ical responses  to  albuterol.  Detecting  differences  in  clini- 
cal response  to  a  corticosteroid  such  as  flunisolide  is  inore 
difficult  and  subject  to  confounding  factors. 


Conclusion 


Test  Lung 

Dual  adult  training/test  lung.  Model   1600.  Michigan 
Instruments  Grand  Rapids  MI 
Ventilator  Tester 

Bio-Tek  adult  ventilator  tester.  Model  VT-I.  Bio-Tek 
Instruments  Inc.  Winooski  VT 
Humidifier 

Model  MR  480.  Fisher  &  Paykel  Healthcare  Inc.  La- 
guna  Hills  CA 
Spectrophotometer 

Model  DU  640.  Beckman  Instruments.  Fullerton  CA 
Drug  Collection  Filter 

two-way  nonconductive  anesthesia  filter,  model  43410- 
241.  Baxter  Healthcare  Corp.  Valencia  CA. 
HEPA  filter 

Model  BB-50T,  Pall  Corp,  East  Hills  NY 
MDI  Actuating  Devices 
Aerosol  Cloud  Enhancer  (ACE) 

DHD  Healthcare.  Canastota  NY 
AeroVent 

Monaghan  Medical  Corp.  Plattsburgh  NY 
Inline  MDI  Adaptor 

Hudson  RCr"\  Temecula  CA 
Airlife  MediSpacer  and  Airlife  MiniSpacer 

Allegiance  Healthcare  Corp,  McGaw  Park  IL 
Metered  Dose  Inhaler  Drugs 
albuterol  (Proventil") 

Schering-Plough  Corp,  Kenilworth  NJ 
flunisolide  (AeroBid®) 

Forest  Pharmaceuticals  Inc,  St  Louis  MO 
Ventilator  Circuit 
Uni-Set 
Dart  Respiratory.  Ocala  FL 


The  new  nonreservoir  bidirectional  MDI  adaptor  was 
superior  to  the  unidirectional  Hudson  nonreservoir  adaptor 
in  dose  delivery  through  an  ETT  for  both  albuterol  and 
tlunisolide.  For  delivery  of  albuterol,  the  bidirectional  adap- 
tor was  equivalent  to  the  AeroVent  reservoir  but  not  as 
efficient  as  the  MediSpacer  or  ACE  reservoirs.  For  deliv- 
ery of  tlunisolide.  the  bidirectional  adaptor  was  equivalent 
to  both  the  ACE  and  the  AeroVent,  but  lower  than  the 
MediSpacer.  Delivery  of  the  corticosteroid  flunisolide  was 
lower  for  all  devices  compared  to  delivery  of  albuterol. 


PRODUCT  SOURCES 

Ventilator 

Model  MA- 1,  Nellcor  Puritan  Bennett  Corp,  Pleasan- 
ton  CA 
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Cardiac  Enzyme  Evidence  of  Cardiac  Injury 
in  Patients  Intubated  for  Respiratory  Failure 

Zaki  Aslamy  MD,  Celia  Barbieri  MS,  and  John  E  Heffner  MD  FCCP 


INTRODUCTION:  Patients  who  develop  acute  respiratory  failure  ( ARF)  experience  multiple  patho- 
physiologic events  that  can  produce  cardiac  injury  in  the  immediate  postintubation  period.  Al- 
though myocardial  infarction  is  stated  to  be  a  complication  of  respiratory  failure,  no  patient  series 
confirm  this  impression  or  describe  the  importance  of  cardiac  injury  in  this  clinical  setting.  METH- 
ODS: We  prospectively  evaluated  81  patients  over  45  years  old  who  required  intubation  and 
mechanical  ventilation  for  ARF  to  determine  the  incidence  of  cardiac  enzyme  evidence  of  cardiac 
injury  related  to  the  initiation  of  mechanical  ventilation,  the  association  of  elevated  cardiac  enzymes 
with  clinical  outcome,  the  clinical  features  that  predicted  the  occurrence  of  elevated  cardiac  en- 
zymes, and  the  cost-effectiveness  of  different  diagnostic  strategies.  RESULTS:  We  observed  that  11 
of  81  patients  (14%,  95%  confidence  interval  (CI),  6-21%]  had  enzyme  evidence  of  cardiac  injury 
of  whom  two  demonstrated  new  Q  waves.  No  patient  developed  clinically  apparent  events  attrib- 
utable to  a  myocardial  infarction,  and  enzyme  elevation  did  not  correspond  to  mortality.  A  logistic 
model  identified  patients  for  cardiac  enzyme  screening  by  the  presence  of  a  postintubation  heart 
rate  >  140  beats/min  or  a  history  of  coronary  artery  disease.  The  model  had  a  diagnostic  accuracy 
of  67%  (95%  CI,  56-77%),  sensitivity  of  91%  (95%  CI,  59-100%),  specificity  of  63%  (95%  CI, 
51-74%),  positive  predictive  value  of  28%  (95%  CI,  14-45%),  and  negative  predictive  value  of 
98%  (95%  CI,  88-100%).  CONCLUSION:  Selection  of  patients  with  noncardiac  respiratory  fail- 
ure for  cardiac  enzyme  evaluation  by  the  presence  of  postintubation  heart  rate  >  140  beats/min  or 
a  history  of  coronary  artery  disease  is  more  cost-effective  than  screening  all  intubated  patients.  ( Respir 
Care  I998:43(9):713-718]  Key  words:  acme  respiniton  failure,  cardiac  enzyinex.  myocardial  Infarction. 


Introduction 

Patients  with  acute  respiratory  failure  (ARF)  experience 
profound  alterations  in  cardiovascular  function  during  botii 
spontaneous  and  ventilator-assisted  respiration.'  Increased 
work  of  breathing  (WOB),  cyclic  changes  in  intrathoracic 
pressure,  hypoxemia,  acidosis,  and  hypercapnia  initiate 
complex  cardiopulmonary  interactions  that  can  cause  pul- 
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monary  hypertension,  depressed  left  ventricular  systolic 
function,  decreased  cardiac  output,  and  varying  degrees  of 
systemic  hypotension  or  hypertension.-  Endotracheal  in- 
tubation may  further  alter  cardiovascular  function  by  pro- 
ducing a  sympathoadrenal  response.-* -"^  This  response  is 
characterized  by  a  sudden  rise  in  plasma  concentrations  of 
epinephrine  and  norepinephrine'^^  that  causes  transient 
tachycardia  and  hypertension  with  systolic  blood  pressures 
briskly  rising  33-70  inm  Hg  above  baseline  values.**  Con- 
ditions associated  with  respiratory  failure,  such  as  anemia, 
primary  arrhythmias,  and  systemic  hypotension,  add  addi- 
tional risks  for  cardiac  injury. 

Recent  studies  in  critically  ill  patients  with  and  without 
respiratory  failure  demonstrate  that  cardiac  injury  com- 
monly occurs  in  this  patient  population  and  may  contribute 
to  mortality.'' '"  Although  clinical  reviews-  state  that  myo- 
cardial infarction  is  a  complication  of  ARF  in  general,  to 
our  knowledge  no  studies  exist  to  define  the  incidence  and 
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outcome  of  cardiac  ischemic  e\ents  experienced  in  the 
immediate  postintubation  period.  Despite  an  absence  of 
data,  we  have  obser\  ed  that  many  chnicians  routinely  screen 
patients  with  respiratory  faikire  with  serial  cardiac  enzyme 
.studies  even  though  the  respiratory  faikire  appears  cHni- 
cally  to  be  noncardiac  in  origin. 

In  this  study,  we  prospectively  studied  patients  with 
noncardiac  cau.ses  of  ARF  who  were  in  the  age  range  in 
which  they  may  have  atherosclerotic  coronary  vascular 
disease  to  determine  the  value  of  postintubation  screening 
of  patients  for  cardiac  injury.  Laboratory  and  clinical  find- 
ings were  examined  to  estimate  the  incidence  of  elevated 
cardiac  enzymes  compatible  with  cardiac  injury,  deter- 
mine the  effect  of  elevated  cardiac  enzymes  on  clinical 
outcome,  and  develop  a  cost-effective  strategy  for  evalu- 
ating patients  with  ARF  for  the  occurrence  of  myocardial 
infarction. 

Methods 

The  study  was  performed  at  a  526-bed  tertiary  care 
teaching  medical  center.  The  study  protocol  was  approved 
by  the  histitutional  Review  Board.  Consecutive  patients  > 
45  years  old  who  required  intubation  and  mechanical  ven- 
tilation for  noncardiac  causes  of  respiratory  failure  were 
identified  from  daily  admission  logs  and  considered  for 
study  entry  during  the  period  from  July  1994  to  June  1997. 
Inclusion  criteria  required  that  patients  underwent  transla- 
ryngeal  intubation  in  the  emergency  department  or  inpa- 
tient setting  for  respiratory  failure  due  to  one  of  the  fol- 
lowing disorders:  chronic  obstructive  pulmonary  disease 
(COPD),  asthma,  pneumonia,  or  miscellaneous  noncardiac 
disorders  that  included  pleural  effusions,  acute  aspiration, 
pneumothorax,  or  upper  airway  obstruction.  Exclusion  cri- 
teria included  a  history  of  a  myocardial  infarction  within 
the  previous  2  months,  clinical  impression  by  the  attending 
physician  that  a  myocardial  infarction,  cardiac  arrhythmia, 
or  cardiogenic  pulmonary  edema  caused  or  contributed  to 
the  respiratory  failure,  death  within  24  hours  of  intubation, 
and  failure  to  obtain  serial  creatine  kinase  (CK)  serum 
assays. 

Patients  were  intubated  via  the  oral  or  nasal  route  and 
managed  with  intermittent  mandatory  orassist-control  ven- 
tilatory modes  with  Siemens  300  and  Siemens  Servo  900C 
ventilators  (Siemens-Elena  AB.  Solina,  Sweden).  An  elec- 
trocardiogram (ECG)  was  performed  immediately  after  in- 
tubation in  all  patients.  Some  patients  received  daily  ECG 
studies  for  an  additional  2  days  at  the  discretion  of  the 
primary  physician.  Three  blood  samples  were  drawn  every 
12  hours  beginning  within  I  hour  after  intubation  for  de- 
termination of  CK  levels.  CK-MB  levels,  and  CK-MB 
index  by  standard  laboratory  methods.  Vital  signs  and  lab- 
oratory data  were  collected  from  the  most  proximate  re- 
sults before  and  inuuedialely  al'lei  intubation. 


ECGs  were  read  by  one  of  the  investigators  (ZA)  who 
was  masked  to  the  patient  source.  Interpretations  were 
limited  to  the  presence  of  myocardial  ischemia,  myocar- 
dial infarction,  and  arrhythmias.  Criteria  for  myocardial 
infarction  were  ST  segment  elevation  >  0.1  mV  or  new  Q 
waves  >  0.4  seconds  in  two  or  more  contiguous  leads," 
Criteria  for  myocardial  ischemia  were  ST  segment  depres- 
sion >  0.1  mV  0.08  seconds  after  the  J  point  or  deep 
symmetric  T  wave  inversion  in  two  or  more  contiguous 
leads."  Myocardial  infarction  was  defined  by  the  occur- 
rence of  a  CK  >  200  lU/L  with  a  CK-MB  index  >  4<7f ." 

Study  patients  were  monitored  during  their  entire  hos- 
pitalization to  detect  clinical  events  compatible  with  myo- 
cardial ischemia.  Monitored  events  included  ventricular 
arrhythmias,  anginal  chest  pain,  cardiac  arrests,  new  onset 
congestive  heart  failure,  and  new  or  recurrent  myocardial 
infarctions. 

The  cost-effectiveness  of  different  diagnostic  strategies 
was  calculated  from  charge  data  at  our  institution  for  the 
individual  tests:  CK  $24.42,  CK-MB  $17.76,  CK-MB  in- 
dex $16.63,  and  ECG  $122.04.  Analyses  were  recalculated 
on  the  basis  of  actual  costs.  Results  were  calculated  by 
multiplying  the  total  charges  or  costs  of  an  evaluation 
strategy  by  the  number  of  patients  who  would  receive 
screening  in  various  screening  strategies.  The  product  was 
then  divided  by  the  number  of  patients  determined  by  the 
study  to  have  cardiac  injury.  Results  were  expressed  both 
as  charges  or  costs  per  myocardial  infarction  detected.  We 
performed  a  sensitivity  analysis  on  both  the  charge  and 
cost  economic  analyses  by  varying  the  incidence  of  car- 
diac injury  within  its  observed  95Vc  confidence  intervals 
(CIs)  for  our  study  population. 

Categorical  variables  were  analyzed  by  the  x~  test  or  the 
2-tailed  Fisher  exact  test  when  appropriate.  Simple  logistic 
regression  determined  the  effect  of  continuous  variables 
on  categorical  outcomes.  Multiple  logistic  regression  was 
used  to  determine  independent  predictors  of  myocardial 
infarction.  Explanatory  variables  in  the  univariate  analysis 
with  p  values  <  0.1  were  entered  into  the  logistic  model  in 
a  forward  stepwise  manner  and  remo\ed  if  their  p  \ alues 
were  >  0.05.  Postintubation  vital  signs  and  laboratiiry 
values  were  u.sed  for  the  logistic  model.  Correlations  be- 
tween explanatory  variables  were  assessed  by  calculation 
of  Pearson  product-moment  correlation  coefficients. '- Con- 
tinuous variables  were  transformed  to  dummy  variables  by 
dichotomizing  with  cutoff  values  determined  by  receiver 
operating  characteristic  (ROC)  analysis."  Cutoff  values 
were  selected  at  points  on  the  ROC  curve  closest  to  100% 
sensitivity  and  100%  specificity.  CIs  were  calculated  using 
the  exact  method.  All  data  analyses  were  performed  with 
JMP  statistics  software  version  3.1  (SAS  Institute,  Cary 
NO  on  a  personal  computer  (Macintosh  S5()()/8()). 
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Tabic  I       Characlerlslics  ol  the  Palicnls  and  Dislrihiilion  nl  Myocardial  liitaalion  (Ml)  withm  Palicnl  Cluiructeristic 


No.  of  Patients 


No.  (7f )  with  Ml 
(95%  CI*] 


Odds  Ratio  (95%  CI) 
for  Ml 


p  Valuet 


All  patients 

81  (100) 

11  (13.6)  [7.0-23.0] 

- 

- 

Men 

34 (42) 

6(17.7)  [6.8-34.5] 

1.8(0.5-6.8) 

0.5 

Women 

47(58) 

5  (10.6)  [3.6-23.1] 

0.6(0.1-2.0) 

0.5 

Cause  of  respiratory  failure 

COPD 

25  (-^1) 

5  (20.0)  [6.8-40.7] 

2.1  (0.5-7.7) 

0.3 

Asthma 

3(4) 

0(0)       [-] 

- 

1.0 

Pneumonia 

41  (50) 

4(9.8)    [2.7-23.1  [ 

0.5(0.1-1.8) 

0.3 

Other 

12(15) 

2(I6.7)[2.I^8.4[ 

1.3(0.2-6.2) 

0.7 

History  of  coronary  artery  disease 

20(25) 

7  (35.0)  [15.4-59.2] 

7.7  (2.0-33.2) 

0.004 

History  of  myocardial  infarction 

13(16) 

5  (38.5)  [13.9-68.4] 

6.5(1.6-26.8) 

0.013 

Route  of  intubation 

Oral  intubation 

46(57) 

3(6.5)    11.4-17.9] 

0.2  (0.0-0.9) 

0.049 

Nasal  intubation 

35(43) 

8(22.9)1I0.4^0.I[ 

4.2(1.1-20.7) 

0.049 

Preintubation  arrhythmias 

obstructive  put] 

26(32) 
nonary  disease. 

5  (19.2)  16.6-39.41 

1.8(0.5-6.6) 

0.5 

*CI  =  confidence  interval;  COPD  =  ctironic  i 

ip  value  pertains  to  the  univariate  analysis  of 

explanatory  va 

riables  for  die  presence  of 

a  niyocardiul  inUircliuii 

Results 

Ninety-one  consecutive  patients  witli  ARF  wiio  fulfilled 
the  inclusion  criteria  were  entered  into  the  study.  Ten  pa- 
tients were  excluded  from  analysis  for  the  following  rea- 
sons: 2  patients  died  within  24  hours  of  intubation,  and  8 
patients  did  not  undergo  CK  blood  assays  because  they 
missed  blood  draws  while  in  radiology  for  imaging  pro- 
cedures. The  iTiedian  age  of  patients  was  70  years  (inter- 
quartile range.  61-77  years,  range  45-90  years).  The  clin- 
ical features  of  the  81  evaluable  patients  are  shown  in 
Table  I. 

Eleven  of  the  81  patients  (14%.  95%  CI.  6-21%)  ful- 
filled the  study  definition  of  inyocardial  infarction.  The 
results  of  the  3  serial  CK  and  CK-MB  assays  obtained  12 
hours  apart  in  all  81  of  the  study  patients  are  shown  in 
Table  2.  Eight  of  the  1 1  patients  with  cardiac  injury  first 
fulfilled  CK  criteria  for  myocardial  infarction  by  the  first 
CK  determination,  2  patients  fulfilled  CK  criteria  by  the 
second  CK  determination,  and  I  patient  fulfilled  CK  cri- 
teria by  the  third  CK  determination. 

Table  I  shows  the  distribution  of  myocardial  infarctions 
among  categorical  demographic  and  clinical  variables. 
Among  these  variables,  a  history  of  coronary  artery  dis- 
ease, history  of  a  previous  myocardial  infarction,  and  route 
of  intubation  were  positive  predictors  in  the  univariate 
analysis  for  postintubation  myocardial  infarction.  Age 
was  not  an  explanatory  variable  for  myocardial  infarction 
(p  =  0.20).  Patients"  vital  signs  and  laboratory  results 
were  examined  as  explanatory  variables  for  myocardial 
infarction  (Table  .^).  Statistically  significant  predictors  in- 
cluded diastolic  hypertension,  tachypnea,  tachycardia,  a 


Results  of  Creatine  Kinase  (CK).  Creatine  Kinase 
Isoenzyme  (CK-MB).  and  CK-MB  Index  Assays 


CK 

CK-MB 

CK-MB 

(lU/L) 

(lU/L) 

Index  (%) 

First  assay*  (n  =  81) 

Median 

528 

3.6 

4.2 

Interquartile  range 

240-1228 

1.5-9.0 

3.5-5.8 

Range 

125-1306 

0.4-82 

1.9-8.6 

Second  assay  (n  =  81 ) 

Median 

536 

3.6 

3.4 

Interquartile  range 

221-1161 

1.7-8.2 

2.1^.2 

Range 

123-1840 

0.4-63.8 

1.5-6.5 

Third  assay  (n  =  81 ) 

Median 

205 

3.0 

2.5 

Interquartile  range 

69-388 

1.3-8.8 

2.1-3.6 

Range 

15-5140 

0.4-91.2 

1.9- 12.1 

*Assays  performed  at  12-tnuir  inter 

postintubation  ECG  showing  ischemia,  and  a  postintuba- 
tion ECG  showing  a  myocardial  infarction.  Odds  ratios 
using  categorical  and  dummy  variables  are  shown  for  vari- 
ables with  p  <  0.1  and  were  entered  in  the  multivariate 
analysis. 

Mean  arterial  pressure  was  not  entered  into  the  logistic 
model  because  it  correlated  with  diastolic  hypertension 
(correlation  coefficient  0.91;  p  <  0.0001).  Among  the  ex- 
planatory variables  in  Tables  1  and  3  with  p  <  0.1,  inde- 
pendent predictors  for  myocardial  infarction  were  tachy- 
cardia >  140  beats/minute  (AOR  =  19.4.  95%  CI,  3.0- 
382.0;  p  =  0.008)  and  history  of  coronary  artery  disease 
(AOR  =  25.2.  95%  CI,  4.0-492.2;  p  =  0.004). 
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Tabic  3       Vital  Sis;n^  and  LaboralorN  Findings  of  Patienls,  wlih  Results  of  Llni\ariatc  Analysis 


Variable 

Median  (Interquartile  Ranue) 
(Range] 

Cutoff  Value 

Odds  Ratio  (95'7t  CI*) 
for  Myocardial  Infarction 

p  Value 

Preintuballon  values 

Systolic  blood  pressure  (mm  Hg) 

130(104-158) 

[36-266] 

- 

- 

0.17 

Diastolic  blood  pressure  (mm  Hg) 

68 (56-84) 

10-150] 

- 

- 

0.12 

Mean  arterial  pressure  (mm  Hg) 

89(73-107) 

126-189] 

- 

- 

0.12 

Heart  rate  (beats/min) 

120(103-140) 

154-161] 

- 

- 

0.22 

Respirations  (breaths/min) 

25(18-36) 

(6-521 

>25 

6.0(1.4-41.3) 

0.05 

P,o,  (mm  Hg) 

67 (54-94) 

137-.361] 

- 

- 

0.88 

P,co.  (mm  Hg) 

57 (38-85) 

]27-124] 

- 

- 

0.93 

pH    " 

7.26(7.18-7.37)16.96-7.53] 

- 

- 

0.78 

Postintubation  values 

Systolic  blood  pressure  (mm  Hg) 

120(90-146) 

] 40- 199] 

- 

- 

0.2 

Diastolic  blood  pressure  (mm  Hg) 

60(52-72) 

]()-l()7] 

>65 

3.8(1.0-15.9) 

0.()3t 

Mean  arterial  pressure  (mm  Hg) 

82(68-93) 

120-1381 

>85 

5.5(1.4-26.7) 

0.059t 

Heart  rate  (beats/min) 

123(98-141) 

]62-188] 

>140 

5.3(1.4-21.0) 

0.0  I2t 

Respirations  (breaths/min) 

20(16-24) 

] 10-60] 

- 

- 

0.4 

PaoyPio,  (mm  Hg) 

190(134-334) 

[44-564] 

- 

- 

0..39 

P^eo  (mm  Hg) 

42 (35-53) 

121-85( 

- 

- 

0.58 

pH   " 

7.35(7.29-7.44)17.13-7.56] 

- 

- 

0.69 

ECG  ischemia  (n  =  7) 

- 

- 

6.0(1.0-32.5) 

0.052 

ECG  Infarction  (n  =  5) 

^ 

" 

12.6(1.8-107.2) 

0.017 

*C1  =  confidence  imervaU  ECG  =  electrocardiogram. 

tCuloff  points  and  odds  ratios  calculated  for  variables 

vith  p  -  <()  !    p  values  tjli. 

uliilcd  from  ilie  tontinu 

ms  \arijhle  dala. 

A  prediction  model  was  developed  using  tachycardia  > 
140  beats/minute  and  a  history  of  coronary  artery  disease. 
The  presence  of  either  variable  significantly  increased  the 
probability  of  a  postintubation  myocardial  infarction  (OR 
16.9.  95%  CI  3.0-319.5;  p  =  0.0087).  The  overall  diag- 
nostic accuracy  of  the  model  was  67%  (95%  CI,  56-77%). 
sensitivity  91%  (95%  CI,  59-100%),  specificity  63%  (95% 
CI,  51-74%),  positive  predictive  value  28%  (95%  CI,  14- 
45%),  and  negative  predictive  value  98%  (95%  CI,  88- 
100%). 

Ten  of  the  1 1  patients  with  enzyme  evidence  of  myo- 
cardial infarction  and  26  of  the  70  patients  without  myo- 
cardial infarction  had  at  least  one  of  the  predictive  vari- 
ables of  the  model;  3  of  the  81  study  patients  had  both 
variables  and  all  3  of  these  patients  had  a  myocardial 
infarction.  The  economic  analysis  found  that  a  strategy  of 
ruling  out  a  myocardial  infarction  with  3  serial  ECG  stud- 
ies and  cardiac  enzymes  in  all  81  of  the  study  patients 
would  have  a  charge  basis  of  $3,996  and  a  cost  basis  of 
$894/myocardial  infarction.  Screening  all  81  patients  with 
serial  cardiac  enzymes  and  performing  serial  ECG  studies 
only  on  those  patients  with  abnormal  enzymes  would 
amount  to  charges  of  $  1 ,666  and  costs  of  $478/myocardial 
infarction.  The  prediction  model  would  have  a  charge  ba- 
sis of  $944  and  cost  basis  of  $249/myocardial  infarction 
detected  if  only  patients  with  elevated  enzymes  underwent 
.serial  ECG  studies.  Considering  the  sensitivity  analysis. 


the  model  would  decrease  charges  by  $722  (95%  CI,  $472- 
$1826)  and  co.sts  by  $229  (95%  CI,  $145-$57l)  per  myo- 
cardial infarction  compared  to  a  routine  CK  screening  strat- 
egy with  ECG  evaluations  performed  on  patients  with 
abnormal  CK  tests. 

Si.x  of  the  1 1  patients  with  myocardial  infarctions  had 
serial  ECG  studies;  2  of  these  6  patients  evolved  Q  wave 
infarctions.  None  of  the  81  patients  developed  clinical 
events  during  their  hospitalizations,  such  as  chest  pain  or 
ventricular  arrhythmias,  suggestive  of  ongoing  or  recur- 
rent myocardial  ischemia.  Twenty-three  patients  died  with 
deaths  occurring  a  median  of  12  days  (interquartile  6-17 
d,  range  2-29  d)  after  intubation.  None  of  the  deaths  ap- 
peared related  to  a  myocardial  event.  Three  of  the  1 1 
patients  with  enzyme  evidence  of  myocardial  infarction 
died;  none  of  these  deaths  appeared  to  be  a  consequence  of 
myocardial  ischemia.  In-hospital  death  was  not  more  com- 
mon in  the  group  of  patients  with  myocardial  infarction 
(OR  =  0.9,  95%  CI  0.2-3.6,  p  =  1.0). 

Discussion 

The  present  study  demonstrates  that  elevated  serum  CK 
isoenzymes  compatible  with  acute  cardiac  injury  occur  in 
14%  (95%  CI,  6-21%)  of  patients  with  noncardiac  causes 
of  ARF.  It  could  not  be  established  that  enzyme  evidence 
of  cardiac  injury  affected  clinical  oulcome.  Of  the  6  pa- 
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tients  with  elevated  CK  isoenzymes  wiio  had  serial  ECG 
studies,  only  2  evolved  Q  wave  infarctions.  None  of  the  81 
patients  had  clinically  apparent  symptoms  or  signs  of  myo- 
cardial infarction,  such  as  chest  pain,  ventricular  arrhyth- 
mias, or  new  on.set  cardiac  dysfunction.  And  none  of  the 
23  deaths  appeared  to  be  a  direct  consequence  of  cardiac 
events.  We  also  observed  that  clinical  features  could  identify 
the  at-risk  patient  in  that  the  logistic  model  established  post- 
intubation  heart  rate  >  140  beats/min  and  a  history  of  coro- 
nary artery  disea.se  as  independent  predictors  of  elevated  car- 
diac enzymes  (OR  16.9.  957r  CI  .^.0-3l9..S;  p  =  0.0087). 

It  should  be  emphasized  that  the  study  was  not  designed 
to  determine  the  incidence  of  cardiac  injury  throughout  the 
entire  hospitalization  for  ARF.  The  use  of  cardiac  enzyme 
screening  during  the  first  24  hours  after  intubation  may 
have  underestimated  the  in-hospital  incidence  of  cardiac 
injury  by  failing  to  detect  myocardial  infarctions  that  oc- 
curred later  in  the  hospital  stay  subsequent  to  cardiac 
stresses  unrelated  to  the  initiation  of  mechanical  ventila- 
tion. We  considered,  however,  that  the  greatest  degree  of 
cardiac  stress  would  most  likely  occur  around  the  time  of 
intubation  when  the  work  of  spontaneous  breathing  had 
progres.sed  to  its  maximum  duration  and  severity,  the  brisk 
adrenosympathetic  response  to  intubation  had  completed 
its  course, ^"^  and  patients  were  undergoing  the  sudden 
physiologic  adaptations  required  to  shift  from  spontaneous 
breathing  to  positive  pressure  assisted  ventilation.  More- 
over, nonrespiratory  complications  frequently  occur  in  pa- 
tients intubated  for  ARF,  which  can  present  myocardial 
stress  resulting  in  cardiac  injury;  other  studies  have  pre- 
viously examined  the  incidence  of  cardiac  injury  in  pa- 
tients with  general  categories  of  critical  illness.^'"  For 
these  reasons,  we  designed  our  study  to  define  the  inci- 
dence of  cardiac  injury  in  patients  with  respiratory  failure 
within  the  immediate  postintubation  period. 

Conversely,  the  study  may  have  overestimated  the  true 
incidence  of  cardiac  injury  because  of  potential  noncardiac 
sources  of  CK-MB.'""  '"^  This  overestimation  would  have 
been  negligible,  however,  because  of  our  definition  of  a 
myocardial  infarction,  which  required  a  CK  index  >  4%. 
Injury  to  noncardiac  tissue  sources  of  CK-MB,  such  as 
skeletal  muscle  and  bowel,  rarely  increase  the  CK-MB 
index  above  1  to  2%.'*'''  Moreover,  none  of  the  study 
patients  had  rhabdomyolysis,  chronic  myopathies,  bowel 
injuries,  or  renal  failure,  which  are  the  most  common  causes 
of  false  positive  results  with  CK-MB  testing  for  myocar- 
dial infarction."*  However,  future  studies  with  more  spe- 
cific markers  of  cardiac  injury,  such  as  troponin  I"*  which 
was  not  clinically  available  in  our  hospital  at  the  time  of 
our  study,  will  be  required  to  more  precisely  estimate  the 
incidence  of  cardiac  injury  after  intubation  for  respiratory 
failure.  It  is  doubtful,  however,  that  the  u.se  of  troponin  1 
would  have  significantly  altered  our  study  results.  CK-MB 
and  troponin  I  assays  have  similar  sensitivities  for  cardiac 


injury.'''  Although  troponin  I  has  greater  overall  specific- 
ity, the  absence  of  clinical  factors  in  the  study  sample 
associated  with  false  positive  CK-MB  results  makes  the 
increased  specificity  of  troponin  I  less  likely  to  produce  an 
increased  diagnostic  accuracy  compared  to  CK-MB. 

The  observed  \4%  incidence  of  elevated  cardiac  en- 
zymes compatible  with  cardiac  injury  is  similar  to  the 
incidences  noted  in  other  studies  of  general  populations  of 
critically  ill  patients.'' '"  Guest  and  co-workers'"  evaluated 
consecutive  patients  admitted  to  a  medical  intensive  care 
unit  (ICU)  and  noted  a  15%  incidence  of  ciudiac  injui^  as 
evidenced  by  elevated  troponin  I  serum  concentrations.  In  a 
similar  study.  Kollef  and  associate.s'^  .screened  critically  ill 
medical  patients  with  daily  troponin  I  assays  and  observed 
that  15.89r  of  patients  had  elevated  Ciudiac  enzyme  levels. 

Our  investigation  extends  these  previous  observations 
by  studying  a  population  limited  to  patients  who  had  non- 
cardiac causes  of  respiratory  failure  as  the  primary  reason 
for  intubation  and  did  not  have  clinical  evidence  of  other 
organ  dysfunction.  Also,  our  cohort  evaluated  patients  with 
an  age  range  that  put  thein  at  risk  for  athersclerotic  car- 
diovascular disease.  On  the  basis  of  these  observations,  it 
appears  that  ARF  presents  risks  for  cardiac  injury  that  are 
similar  to  other  medical  causes  of  critical  illnes.ses.  The 
etiology  of  this  injury  is  uncertain  but  may  relate  to  im- 
balances between  myocardial  oxygen  supply  and  demand 
that  occur  during  critical  illness.-"-' 

Our  data  do  not  indicate  that  elevated  cardiac  enzymes 
correspond  with  clinical  outcome  in  patients  with  ARF. 
None  of  the  patients  had  clinically  apparent  evidence  of 
acute  cardiac  decompensation,  and  mortality  was  not  higher 
in  patients  with  CK  enzyme  elevations.  This  observation 
differs  from  the  findings  of  Guest  and  co-workers'"  who 
observed  a  higher  mortality  in  critically  ill  patients  with 
elevated  troponin  I  levels.  These  investigators,  however, 
did  not  perform  multivariate  analyses  to  determine  the 
effects  of  covariates  on  clinical  outcome.  Kollef  and  co- 
workers'^ determined  that  elevated  troponin  I  levels  in  pa- 
tients with  clinical  evidence  of  cardiac  dysfunction  were 
associated  with  increased  mortality  in  their  univariate  anal- 
ysis. When  examined  by  multivariate  analysis,  however, 
elevated  cardiac  enzymes  in  the  absence  of  acute  or  chronic 
cardiac  dysfunction  were  not  independent  predictors  of 
clinical  outcome.  The  presence  of  clinically  apparent  car- 
diac dysfunction  was  observed  to  increase  mortality.  No 
patients  in  our  study  group  demonstrated  acute  decompen- 
sation of  cardiac  function  after  intubation,  suggesting  that 
isolated  cardiac  enzyme  elevations  in  ARF.  as  in  general 
critical  illnesses,  may  not  alter  clinical  outcome.  A  larger 
population  of  patients  with  ARF  should  be  studied  to  con- 
firm this  conclusion. 

In  devising  a  strategy  for  evaluating  patients  with  re- 
spiratory failure  for  cardiac  injury,  it  could  be  argued  that 
CK  should  not  be  measured  because  enzyme  elevations  by 
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themselves  do  not  alter  L'liiiical  outcome.  We  suggest,  how- 
ever, that  selected  patients  should  undergo  screening  for 
cardiac  injurj'  because  the  small  number  of  patients  with 
elevated  CK  in  our  study  (n  =  11)  does  not  allow  char- 
acterization of  the  clinical  importance  of  this  finding.  Fur- 
thermore, elevated  CK  levels  may  alter  clinical  outcomes 
that  were  not  assessed  in  this  study.  For  instance.  Chatila 
and  co-workers--  demonstrated  that  6%  of  ventilator-de- 
pendent patients  demonstrate  ECG  evidence  of  cardiac 
ischemia,  which  is  a  significant  risk  factor  for  weaning 
failure.  The  detection  of  enzyme  evidence  of  cardiac  injury 
post-intubation  may  alter  approaches  to  weaning  or  allow 
more  accurate  assessments  of  complications  of  mechanical 
ventilation,  such  as  sudden  hypoxemia  or  hypotension  that 
may  be  related  to  acute  ciirdiac  decompensation. 

The  economic  assessment  does  not  support  routine  car- 
diac enzyme  screening  for  all  patients  undergoing  intuba- 
tion for  ARF  because  of  the  high  cost  of  this  approach. 
The  logistic  model  demonstrated  that  patients  could  be 
selected  for  screening  with  an  acceptable  diagnostic  accu- 
racy and  high  negative  predictive  value  by  the  presence  of 
a  post-intubation  heart  rate  >  140  beats/min  or  a  history  of 
coronary  artery  disease.  Selecting  patients  for  CK  screen- 
ing by  the  logistic  model  decreased  the  charges  by  $722 
(95%  CI,  $472-$l826)  and  costs  by  $229  (95%  CI,  $145- 
$571)  per  patient  with  myocardial  infarction.  Costs  would 
be  higher  with  the  addition  of  troponin  assays  to  the  di- 
agnostic evaluation.  Larger  studies  assessing  multiple  clin- 
ical outcomes  will  be  required  to  validate  the  model  and 
establish  its  diagnostic  precision.  Other  approaches  for 
selecting  critically  ill,  intubated  patients  for  cardiac  en- 
zyme .screening,  such  as  by  symptoms  of  chest  pain  or 
ECG  changes,  are  problematic  because  of  their  impaired 
perceptive  abilities,  the  atypical  presentation  of  coronary 
insufficiency,-'  and  the  frequency  of  nonspecific  ECG 
changes  during  critical  illness.--* 

Conclusion 

In  conclusion,  14%  of  patients  older  than  45  years  with 
ARF  demonstrated  CK-MB  evidence  of  cardiac  injury  af- 
ter intubation.  The  finding  of  an  elevated  CK-MB.  how- 
ever, did  not  alter  the  clinical  outcomes  assessed.  The 
presence  of  a  postintubation  heart  rate  >  140  beats/min  or 
a  history  of  coronary  artery  disease  identified  a  patient 
subgroup  that  had  a  high  yield  from  CK  screening.  Screen- 
ing patients  for  cardiac  ischemia  with  these  findings  was 
more  cost-effective  than  routine  screening  of  all  patients  > 
45  years  of  age  with  iioncardiac  respiratory  failure. 
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Respiratory  care  protocols,  also  called  therapist-driven 
protocols  and  patient-driven  protocols,  are  structured  guide- 
lines for  respiratory  therapies  that  are  implemented,  ad- 
justed, and  discontinued  by  respiratory  care  practitioners 
(RCPs)  under  physician  oversight.'  Such  protocols,  which 
address  a  broad  range  of  respiratory  services,  are  in  wide- 
spread use  currently,  with  available  data  suggesting  con- 
tinuing adoption.  Indeed,  polls  of  American  Association 
for  Respiratory  Care  (A ARC)  House  of  Delegates  attend- 
ees- and  of  attendees  of  the  1995  California  Society  of 
Respiratory  Care'  showed  that  even  three  years  ago.  pro- 
tocols were  used  in  41%  to  50%  of  respondents"  institu- 
tions and  were  due  to  be  implemented  in  an  additional 
15%  to  42%.  Further  evidence  of  growing  interest  regard- 
ing respiratory  care  protocols  is  the  popularity  of  lectures 
and  courses  regarding  the  content  and  application  of  re- 
spiratory care  protocols.  ' 

In  the  context  of  this  widespread  enthusiasm,  this  article 
first  considers  the  rationale  for  protocols  and  then  reviews 
available  studies  evaluating  their  impact.  The  current  ar- 
ticle updates  an  earlier  review  of  these  issues'  and  empha- 
sizes studies  reported  since  that  earlier  publication.  Be- 
cause the  current  paper  is  a  sequel,  some  issues  that  were 
discussed  in  detail  in  the  earlier  paper  and  for  which 
little  new  information  has  become  available  are  pre- 
sented at  most  briefly.  Examples  include  discussions  of 
the  reasons  for  misallocation  and  data  regarding  over- 
ordering  of  some  specific  respiratory  care  treatments,  such 
as  bronchodilators. 

Misallocation  of  Respiratory  Care: 
Frequency  and  Types 

The  main  impetus  for  respiratory  protocols  is  to  en- 
hance appropriate  prescription  of  respiratory  care  .services 


and/or  to  minimize  misallocation,  which  has  been  shown 
to  occur  commonly  in  many  types  of  health  care  institu- 
tions and  for  a  broad  range  of  respiratory  care  services. 
Table  I  summarizes  available  studies  reporting  misalloca- 
tion of  respiratory  care.  ■♦  ' '  which  consists  both  of  "over- 
ordering"  and  of  "under-ordering"  respiratory  care.  Most 
studies  focus  on  "over-ordering"  (ie.  ordering  services  that 
are  unlikely  to  provide  clinical  benefit),  the  frequency  of 
which  ranges  from  25%  (for  5  respiratory  care  services 
examined  by  Kester  and  Stoller')  to  61%  for  bronchopul- 
monary hygiene.  ^  '"  Studies  published  since  the  earlier 
review  show  similar  rates  of  misallocation.  For  example, 
in  an  examination  of  bronchopulmonary  hygiene  ordering 
at  University  of  California  Los  Angeles  (UCLA)  Medical 
Center,  Alexander  et  al'"  reported  that  orders  for  59.6%  of 
patients  examined  were  deemed  inappropriate.  This  rate 
closely  resembles  the  rate  of  61%  reported  nine  years  ear- 
lier by  Shapiro  et  al''  (Table  1 ). 

Under-ordering  of  respiratory  care  services,  defined  as 
failing  to  provide  beneficial  treatments,  is  more  difficult  to 
measure  and  has  received  less  attention.  However,  two 
studies'**  have  reported  the  frequency  of  under-ordering 
respiratory  care  services.  Specifically,  Albin  et  aF  exam- 
ined oxygen  ordering  practices  at  the  University  of  Mary- 
land and  reported  20%  under-ordering  in  274  patients  stud- 
ied. The  ordering  consisted  both  of  failing  to  prescribe  any 
oxygen  for  patients  whose  oxygen  saturation  as  measured 
by  pulse  oximetry  Spo^  was  <  92%  and  of  failing  to  pre- 
.scribe  oxygen  in  sufficient  liter  flow  rates  to  assure  ade- 
quate saturation  values  (which  occurred  in  7%  of  instanc- 
es). This  second  type  of  under-ordering  suggests  inadequate 
attention  or  knowledge  of  appropriate  physiologic  end 
points,  which  is  one  of  the  reasons  underlying  misalloca- 
tion of  respiratory  care  services. 


*From  the  Departmenl  ol  Pulmonary  and  Critical  Care  Medicine,  The 
Cleveland  Clinic  Foundation.  Cleveland.  Ohio 
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See  The  Related  Editorial  on  Page  703 


In  a  second  study  of  under-ordering  of  respiratory  care 
.services  at  The  Cleveland  Clinic  Foundation,  we  reported 
an  overall  rate  of  10.5%  of  under-ordering  for  5  respira- 
tory care  treatment  types.'  Rates  of  under-ordering  ranged 
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Table  I       Frequency  of  Misallocation  o(  Respiraloiy  Care  Services  in  Selected  Seri 


Types  of  Servii 


Aulhor(s) 


Date 


Patienl  Type 


Frequency  of  Over-ordering 


Frequency  of  Under-ordering 


Supplemental  Zibruk  cl  al  1986 

oxy^scn 

Broucher  el  al  1986 


Kesler  and  Stoller  1992 


Aduh.  non-ICD 
inpalicnls 
Aduli.  non-lCU 
inpanenis 

Adult.  non-ICU 
inpatients 

Adult.  non-ICU 
inpatients 


55%  reduction  in  incentive  spirometry 

alter  therapist  supervision  begun 

3S0f  ordered  to  receive  O^  despite 

adequate  oxygenation 

72'>(  of  those  checked  had  PaO.  >  60 

mm  Hg  or  SaO.  >  90'/^  but  were 

prescribed  oxygen 

25.2%  overall  for  5  respiratory  care 

services;  28%  for  supplemental 

oxygen 

61%  ordered  to  receive  supplenieniai 

oxygen  despite  SaO^  ^  92''i 


Bmnchial 

Zibrali  et  al 

1986 

Adult 

NS 

55'^  reduction  in  incentive  spirometry 

hygiene 

atlcr  therapist  super\ision  begun 

techniques 

Shapiro  el  al 

I9S8 

Adull.  non-ICU 
inpatients 

.^4f)l) 

6\^'c  reduction  of  bronchial  hygiene 
after  sy.stem  implemented 

Kesler  and  Stoller 

1992 

Adult.  non-ICU 
inpatients 

2.'!(1 

.'i2'7, 

Alexander  et  al 

1996 

Adult,  inpatients 

177 

59.69;  over-ordering 

Bronchodilator 

Zibrak  el  al 

1986 

Adult 

NS 

50%  reduction  in  aerosolized 

therapy 

medication  after  therapist  supervision 
begun 

Kester  and  Stoller 

1992 

Adull.  non-ICU 
inpatients 

2.^0 

127. 

Inlermillent 

Zibrak  el  al 

1986 

Adult 

NS 

92«  reduction  in  IPPB  after  therapist 

positive 

supervision  begun 

pressure 

breathing 

(IPPB) 

Kester  and  Stoller 

1992 

Adult.  non-ICU 
inpatients 

2.W 

40% 

Anerial  blood 

Browning  cl  al 

1989 

SICU  patients 

724 

42.7%  inappropriately  ordered  before 

gases 

ABGs 

guidelines  implemented 

Pilon  et  al 

1997 

Adult,  inpatients 

150 

56%  inappropriately  ordered  before 

in  5  periods 

patients 

guidelines,  reduced  to  21% 

10.5%  overall  for  5  respiratory  care 

services.  8%  for  supplemental 

oxygen 

21%  under-ordered,  including  19% 

prescribed  to  receive  inadequate  0, 

now  rates 

NA 


NA  -  Not  assessed 
NS  -  Nol  staled 


from  4.0'^  for  incentive  spirometry  to  12.0%  for  aerosol- 
ized bronchodiiators  in  this  study. 

In  summary,  available  evidence  suggests  the  following 
conclusions: 

1 .  Misallocation  of  respiratory  care  services  is  common, 
and  occurs  in  many  types  of  health  care  institutions  (eg, 
adult  and  pediatric,  academic  and  private)  and  for  a  variety 
of  respiratory  care  services. 

2.  Both  over-ordering  and  under-ordering  occur.  Al- 
though over-ordering  seems  more  common,  the  paucity  of 
available  studies  and  the  sampling  frames  considered  sug- 
gest that  reported  frequencies  of  under-ordering  are  under- 
estimates. 


Possible  Reason.s  for  Misallocation  of  Respiratory 
Care  Services 

Understanding  the  reasons  that  misallocation  occurs  can 
suggest  strategies  to  lessen  misallocation.  Though  sparsely 
studied,  three  possible  reasons  have  been  proposed: 

1.  Respiratory  care  conditions  are  frequently  misdiag- 
nosed, leading  to  the  prescription  of  inappropriate  therapies. 

2.  Respiratory  care  treatments  are  prescribed  more  cav- 
alierly than  drugs,  with  inadequate  attention  to  appropriate 
dose  and  frequency. 

3.  Health  care  providers  who  arc  cmpowcied  to  order 
respiratory  care  services  lack  appropriate  knowledge  about 
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underK ing  piiiuiplcs  to  make  optimal  prescribing  deci- 
sions. 

Although  ail  three  factors  Lindoiibtedly  contribute  to  the 
frequency  of  misailocation.  most  attention  has  focused  on 
the  second  and  third  factors.  For  example.  Small  et 
al''showed  that  respiratory  care  services  were  ordered  and 
implemented  less  precisely  than  orders  for  intravenous 
(I.V.)  antibiotics.  In  their  study  of  96  recipients  of  oxygen 
and  60  recipients  of  I.V.  antibiotics,  errors  in  prescribing 
oxygen  (eg.  inappropriate  prescription  of  route,  liter  flow. 
or  duration)  were  more  common  (up  to  58%)  than  eirors  in 
ordering  antibiotics  (2%).  As  an  example  of  respiratory 
diagnostic  testing  that  is  dissociated  from  clinical  response. 
Bowton  et  al'-  showed  that,  although  continuous  oximetry 
was  ordered  frequently  to  monitor  hospitalized  adults,  oxi- 
metric  detection  of  hypoxemia  prompted  a  clinical  response 
(eg.  providing  supplemental  oxygen  or  adjusting  liter  flow) 
in  fewer  than  26%  of  instances. 

Inadequate  knowledge  of  respiratory  care  services  by 
those  empowered  to  prescribe  is  a  major  concern  and  has 
been  demonstrated  in  .several  studies."  '-•  For  example, 
two  studies  testing  physicians'  and  nurses'  knowledge  of 
pulse  oximetry  show  high  error  rates  on  responses  to  sim- 
ple questions  regarding  principles  of  oximetry  assessment 
in  prescribing.  Speciflcally.  Rodriquez  et  al'""  administered 
a  16-iteni  questionnaire  to  pediatric  house  officers  in  4 
institutions  and  recorded  a  mean  correct  rate  of  64%.  No- 
tably. 34%  of  respondents  thought  that  pulse  oximeters 
measured  transcutaneous  oxygen  tension  (tcPo  J  rather  than 
percent  hemoglobin  saturation.  More  recently.  Stoneham 
et  al'-*  administered  a  questionnaire  to  30  British  house 
officers  and  to  30  practicing  nurses  to  ascertain  responses 
to  the  following  questions:  ( 1 )  What  does  pulse  oximetry 
measure?  (2)  How  does  it  work?  (3)  What  factors  affect 
the  accuracy  of  saturation  readings?  and  (4)  How  much 
training  regarding  pulse  oximetry  did  you  receive?  The 
responses  indicated  poor  knowledge  about  pulse  oximetry 
with  30%  of  physicians  and  95%  of  nurse  respondents 
indicating  that  pulse  oximetry  measured  partial  pressure  or 
content  of  oxygen.  Ten  percent  of  physicians  and  7%  of 
nurses  indicated  that  pulse  oximetry  measured  respiratory 
rate  or  tidal  volume  ( V-p)  and  97%  of  respondents  in  both 
groups  were  unaware  that  pulse  oximetry  required  pulsa- 
tile flow.  Finally,  only  I  of  30  physicians  reported  receiv- 
ing specific  training  about  pulse  oximetry. 

Overall,  though  sparse,  available  studies  do  suggest  that 
respiratory  care  services  are  prescribed  cavalierly  and  that 
those  ordering  respiratory  care  services  lack  adequate 
knowledge  about  these  modalities.  In  the  context  of  these 
two  explanations  for  misailocation,  two  strategies  for  less- 
ening misailocation  are  suggested.  First,  attention  to  both 
training  health  care  providers  about  respiratory  care  ser- 
vices and  to  assuring  their  adequate  understanding  is 
needed.  Second,  by  empowering  trained  RCPs  to  order 


respiratory  care  services  under  physician  guidelines,  pro- 
tocols represent  another  strategy  to  enhance  the  allocation 
of  respiratory  care. 

Evidence  that  Use  of  Respiratory  Protocols  Lessens 
Misailocation  of  Respiratory  Care  Services 

As  cited  in  the  earlier  review.'  studies  published  through 
1994  regarding  the  efficacy  of  respiratory  protocols  were 
relatively  few  and  consisted  of  observational  studies.  Not- 
withstanding these  methodological  limitations,  several  ear- 
lier studies  are  noteworthy.  For  example.  Browning  et  al'^ 
reported  that  implementing  guidelines  for  ordering  arterial 
blood  gases  (ABGs)  in  a  surgical  intensive  care  unit  (ICU) 
was  associated  with  lowering  the  rate  of  inappropriately 
ordered  ABGs  from  42.7%^  to  32.9%f.  one  month  later. 
Also,  compared  to  other  health  care  providers.  RCPs  were 
more  likely  to  abide  by  guidelines  and  therefore  inore 
likely  to  order  ABGs  appropriately. 

Also.  Hart  et  al'"  conducted  a  12-week  crossover  study 
in  which  RCPs  initially  interacted  with  internists  but  not 
with  surgeons  regarding  orders  for  intermittent  positive 
pressure  breathing  and  medicated  aerosols.  During  the  sec- 
ond 6-week  study  arm.  therapists  interacted  with  surgeons 
but  not  with  internists.  The  results  of  this  study  showed 
that  RCP  interaction  was  associated  with  a  lower  rate  of 
inappropriate  orders  for  these  modalities  of  respiratory  care. 

More  recent  observational  studies  confirm  the  effective- 
ness of  protocol-guided  respiratory  therapies  to  enhance 
the  allocation  of  respiratory  care  services.  For  example, 
revisiting  the  issue  of  ABG  utilization  in  the  ICU.  Pilon  et 
al ' '  reported  that  implementing  a  guideline  (that  was  drafted 
by  a  multidisciplinary  group)  for  ABG  ordering  was  as- 
sociated with  a  progressively  decreasing  number  of  ABGs/ 
patient/d  (from  mean  4.9  to  3.1  at  2-3  mo),  while  the 
percentage  of  appropriately  sampled  ABGs  rose  from  a 
mean  of  44%i  to  79-80%.  This  favorable  impact  on  ap- 
propriateness persisted  for  at  least  13  months  after  guide- 
line implementation,  and  these  benefits  were  achieved  with 
substantial  savings  ($40,175  Canadian  over  1  year)  and 
with  no  measurable  adverse  effects  on  ICU  mortality,  ven- 
tilator-days, or  time  to  wean  from  mechanical  ventilation. 

In  a  prospective  observational  study  at  The  Cleveland 
Clinic  Foundation,  Komara  and  Stoller'^  examined  the  im- 
pact of  a  respiratory  care  protocol  for  titrating  and  discon- 
tinuing supplemental  oxygen  in  patients  undergoing  gen- 
eral, urologic.  and  orthopedic  surgery.  The  protocol,  which 
called  for  discontinuing  supplemental  oxygen  when  the 
patient's  room  air  pulse  oximetry  saturation  was  stable  and 
exceeded  92%.  was  implemented  by  respiratory  therapists 
at  physician  discretion.  Comparing  the  use  and  true  costs 
of  oxygen  monitoring  and  the  duration  of  postoperative 
oxygen  therapy  in  a  convenience  sample  of  20  patients 
whose  oxygen  was  adjusted  by  the  managing  physicians 
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versus  20  patients  tor  whom  the  physicians  requested  re- 
spiratory therapists"  use  of  the  algorithm,  use  of  the  pro- 
tocol was  associated  with  significantly  shortened  duration 
of  oxygen  use  (mean  2. 10  vs  3.45  d.  p  <  0.003).  decreased 
oximetry  measurements  before  discontinuation  of  oxygen 
(mean  1.2  vs  2.9.  p  <  0.003).  and  cost  savings  of  approx- 
imately $2 1 /patient. 

Although  the  savings  accrued  in  the  20  protocol-man- 
aged patients  was  very  modest  (approximately  $428).  ex- 
trapolation of  these  per  patient  savings  to  the  12.119  ox- 
ygen-using inpatients  at  The  Cleveland  Clinic  Hospital  in 
1995  projected  an  annual  savings  of  $263,346. 

In  a  more  comprehensive  assessment  of  the  impact  of  a 
respiratory  care  protocol  service.  Stoller  et  al"*  compared 
the  pattern  and  appropriateness  of  ordering  respiratory  care 
hy  a  Respiratory  Therapy  Consult  Service  (RTCS)  versus 
ordering  by  managing  physicians.  The  convenience  sam- 
ple of  98  adult  inpatients  consisted  of  51  patients  whose 
physicians  elected  RTCS-directed  respiratory  care  and  47 
patients  whose  respiratory  care  was  physician-directed. 

Patients  for  whom  the  RTCS  was  requested  (RTCS 
group)  had  a  greater  severity  of  respiratory  illness  based 
on  having  a  lower  Triage  Score,  ''^  but  the  compared  groups 
were  otherwi.se  similar  at  bedtime.  Using  algorithm-based 
respiratory  care  determined  by  a  study  investigator  as  a 
"standard  care  plan."  fewer  initial  orders  for  respiratory 
care  were  discordant  with  the  standard  care  plan  in  RTCS 
patients  (15%  ±  26%  [SD])  than  in  non-consult  patients 
(43%  ±  36%.  p  <  0.001 ).  and  a  smaller  fraction  of  RTCS 
patients  received  at  least  one  discordant  initial  respiratory 
care  order  (37%  vs  72%,  p  <  0.001).  Although  provided 
to  sicker  patients  with  longer  lengths  of  hospital  stay.  RTCS- 
directed  care  generated  similar  respiratory  care  costs  per 
patient  ($335.63  ±  $272.69  [RTCS]  vs  $349.06  ±  $273.27. 
p  =  0.72).  Taken  together,  the  results  of  these  studies 
suggest  that  respiratory  care  protocols  implemented  by  a 
RTCS  can  be  an  effective  strategy  to  enhance  the  alloca- 
tion of  respiratory  care  .services  while  conserving  costs. 
However,  as  in  the  aforementioned  study,  because  the  obser- 
\  ational  nature  of  the  study  design  neither  assured  nor  achieved 
baseline  similarity  of  the  RTCS  and  physician-directed  caie 
groups,  these  results  do  not  discount  the  possibility  that  the 
RTCS  was  associated  with  a  longer  length  of  stay. 

To  address  this  methodological  reservation,  a  random- 
ized trial  of  RTCS  versus  physician-directed  respiratory 
care  has  been  conducted.  Specifically,  Stoller  et  al-"  con- 
ducted a  randomized  controlled  trial  in  which  eligible  sub- 
jects were  adult  non-lCU  inpatients  whose  physicians  had 
prescribed  specific  respiratory  care  services.  Consecutive 
eligible  patients  were  approached  for  consent,  after  which 
a  blocked  randomization  strategy  was  used  to  assign  pa- 
tients to  physician-directed  respiratory  care  (in  which  the 
prescribed  physician  orders  for  respiratory  care  services 
were  niainiaincd  |n  =  74|),  or  lo  RTCS-directed  respira- 


tory care  (in  which  the  physician's  respiratory  care  orders 
were  pre-empted  by  an  RTCS-generated  care  plan  (n  = 
71 1).  As  in  the  earlier  observational  study,  '**  these  patients 
were  evaluated  by  an  RTCS  therapist  evaluator,  whose 
respiratory  care  plan  used  sign/symptom-based  algorithms 
that  were  drafted  to  comply  with  AARC  Clinical  Practice 
Guidelines.*  Appropriateness  of  respiratory  care  orders 
was  again  assessed  as  agreement  between  the  prescribed 
care  plan  and  an  algorithm-based  "standard  care  plan" 
generated  by  an  expert  therapist  who  was  blind  to  the 
actual  patient  orders.  The  study  results  showed  that  the 
compared  groups  were  similar  at  baseline  regarding  de- 
mographic features,  admission  diagnostic  category,  smok- 
ing status,  and.  unlike  the  prior  observational  study,  with 
Triage  Score  (mean  3.8  ±  0.9  [RTCS]  vs  3.7  ±  1.0)  as 
well.  Similarly,  no  differences  were  observed  between 
RTCS-directed  and  physician-directed  respiratory  care  re- 
garding hospital  mortality  rate  (5.7%  vs  5.6%),  mean  hos- 
pital length  of  stay  (7.9  ±  9.0  vs  7.7  ±  7.3  d).  total  number 
of  respiratory  care  treatments  delivered  per  patient  (30.0  ± 
30.0  vs  31.6  ±  30.5),  or  days  requiring  respiratory  care 
services  (4.2  ±  5.2  vs  4. 1  ±  3.6).  Notably,  using  both  a 
stringent  and  a  liberal  criterion  for  agreement,  RTCS-di- 
rected care  demonstrated  better  agreement  with  the  "stan- 
dard care  plan"  (82  ±  177r  [stringent]  and  86  ±  16% 
[liberal])  than  did  physician-directed  respiratory  care 
(64  ±21%  [stringent[  and  72  ±  23%  [liberal],  p  <  0.001 ). 
In  multivariate  logistic  regression  models  fit  for  predicting 
perfect  agreement  with  the  "standard  respiratory  care  plan." 
randomization  group,  gender,  and  admitting  diagnosis  cat- 
egory achieved  significance.  Adjusting  for  gender  and  ad- 
mitting diagnosis  category,  the  odds  of  reaching  perfect 
agreement  using  the  stringent  criterion  were  6.9  times 
higher  for  RTCS-directed  respiratory  care  than  for  physi- 
cian-directed care  (95%  confidence  interval  [CI]  2.4  -  20) 
and  3.4  times  higher  using  the  liberal  criterion  (95%  CI  1 .5 
-  7.6).  Finally,  the  true  cost  of  respiratory  care  treatments 
was  slightly  lower  with  RTCS-directed  respiratory  care 
(mean  $235.70  vs  $225.7()/patient.  p  =  0.61 ).  In  summary, 
the  randomized  controlled  trial  addressed  the  methodological 
shortcomings  of  the  earlier  observational  study  and  showed 
that  compared  to  physician-directed  respiratory  care,  the  RTCS 
prescribed  a  similar  number  and  duration  of  respiratory  care 
services  at  a  slight  savings  and  without  any  increased  adverse 
events.  Al.so.  Respiratory  Therapy  Consult  Service-directed 
respiratory  care  showed  greater  agreement  with  Clinical  Prac- 
tice Guidelines-based  algorithms,  suggesting  decreased  mis- 
allocation  of  respiratory  care  services. 

To  the  extent  that  carefully  performed  randomized  con- 
trolled trials  represent  the  preferred  design  to  rigorously 
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evaluate  the  efficacy  of  respiratory  care  protocols,  such 
supportive  results  from  such  randomized  trials  provide  a 
compelling  endorsement  for  respiratory  care  protocols.  To 
my  knowledge  at  this  writing,  one  other  randomized  trial 
of  a  respiratory  care  protocol  has  been  reported  and  also 
demonstrates  efficacy.  Specifically,  in  assessing  protocol- 
guided  weaning  from  mechanical  ventilation.  Kollef  et  al-' 
randomly  allocated  357  patients  in  4  ICUs  to  physician- 
directed  weaning  (n  =  178)  versus  weaning  by  a  respira- 
tory therapist/nurse-implemented  protocol  (n  =  179).  Ob- 
served benefits  of  protocol-guided  weaning  included  a 
shorter  duration  of  mechanical  ventilation  (mean  69.4  vs 
102  h.  p  =  0.029).  a  trend  toward  shorter  duration  before 
the  start  of  weaning  (inean  39.6  vs  58.3  h.  p  =  0.16),  and 
a  cost  savings  of  $42,960  associated  with  protocol  use.  No 
differences  were  ob.served  between  the  coinpared  groups 
(protocol  vs  physician-directed  weaning)  regarding  the 
need  for  mechanical  ventilation  for  >  7  days,  reintubation 
rate  (12.8%  vs  10.1%).  hospital  mortality  rate  (22.3%  vs 
23.6%).  or  mean  hospital  length  of  stay  (12.7  vs  14.2  d). 
Overall,  this  randomized  controlled  trial  demonstrated  that 
the  use  of  weaning  protocols  implemented  by  nurse  and 
respiratory  care  practitioners  can  accelerate  weaning  and 
lessen  costs  without  adverse  clinical  consequences. 

Summary  and  Future  Directions 

In  summary,  the  results  of  available  studies  suggest  that 
misallocation  of  respiratory  care  services  occurs  commonly 
and  that  respiratory  care  practitioner-implemented  proto- 
cols for  respiratory  care  services  can  lessen  misallocation 
without  increasing  the  cost  of  care  or  adverse  clinical  out- 
comes. Although  the  results  of  many  observational  studies 
and  of  two  randomized  controlled  trials  suggest  that  re- 
spiratory care  protocols  have  efficacy,  further  study  is 
needed  to  strengthen  endorsement  for  respiratory  care  pro- 
tocols.-- Specifically,  confirmatory  studies  regarding  wean- 
ing and  adult  non-ICU  inpatient  care  are  needed,  as  are 
studies  addressing  the  impact  of  respiratory  care  protocols 
in  a  broader  spectrum  of  clinical  settings  (eg.  pediatric 
care,  subacute,  and  extended  care)  and  involving  a  broader 
spectrum  of  respiratory  care  services.  Also,  greater  attention 
must  be  paid  to  whether  protocols  hamper  or  help  physi- 
cians"-in-training  learning  about  respiratory  care  or  whether 
protocols  affect  trainees"  attitudes  towai"d  caring  for  the  whole 
patient.  Finally,  studies  comparing  alternative  strategies  for 
enhancing  allocation  of  care,  such  as  respiratory  care  proto- 
cols versus  intensive  training  of  health  care  providers,  are 
needed  to  clarify  the  true  role  of  respiratory  care  protocols 
and  the  settings  in  which  their  impact  can  be  optimal. 
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Lung  Protective  Ventilatory  Strategies  for 
ARDS — the  Data  Are  Convincing! 


Over  the  past  decade,  experimental  studies  (reviewed  in 
Ref  1 )  provided  unequivocal  evidence  that  the  use  of  large 
inflation  volumes  and  pressures  induces  a  high  permeability- 
type  pulmonaiy  edema.  It  has  repeatedly  been  demonstrated 
that  this  ventilator-induced  lung  injui^  is  due  to  large  end- 
inspiratory  volumes  rather  than  high  aii"way  pressures;  thus 
the  resulting  injury  should  be  temied  "volutrauma"  rather 
than  "barotrauma.""'  On  the  other  hand,  many  investigators 
reported  that  ventilation  with  low  end-expiratory  lung  vol- 
ume was  also  associated  with  worsening  of  lung  injury.- ' 
The  use  of  positive  end-expiratory  pressure  (PEEP)  to  keep 
end-expiratory  lung  volume  above  the  lower  inflection  point 
(LIP)  of  the  static  pressure-volume  (P-V)  cui"ve  and  to  avoid 
pemianent  collapse  of  the  alveoli  seems  to  exert  a  protective 
effect.-  This  protective  effect  may  also  result  from  reduced 
cyclic  lung  stretch  and  hemodynamic  alterations.' 

Ventilatory  Objectives 

In  the  light  of  the  points  raised  above,  ventilatory  ob- 
jectives in  acute  respiratory  distress  syndrome  (ARDS) 
have  been  redefined.  Mechanical  ventilation  has  evolved 
from  a  high  tidal  volume  (Vj),  normoxic.  and  normocap- 
nic  approach  to  a  pressure-targeted,  lung  protective  ven- 
tilatory strategy  (LPVS)  aimed  at  ensuring  adequate  gas 
exchange  while  minimizing  transalveolar  cycling  pressures 
and  volumes.'^  In  the  February  5.  1998  issue  of  the  New 
England  Journal  of  Medicine,  three  articles*^-^  and  an  ed- 
itorial" illustrated  the  difficulties  that  clinicians  face  to 
demonstrate  that  LPVS  improves  outcome  in  ARDS.  In 
the  randomized  prospective  controlled  trial  conducted  by 
Amato  et  af^  application  of  a  LPVS  significantly  improved 
survival  as  compared  with  conventional  mechanical  ven- 
tilation. In  contrast,  the  study  by  Stewart  et  al"  failed  to 
reveal  any  difference  in  outcome  when  a  LPVS  was  com- 
pared to  the  conventional  approach.  The  third  study  by 
Weg  et  aP  challenged  the  existence  of  a  correlation  be- 
tween the  development  of  pneumothorax  or  other  air  leaks 
and  ventilation  with  high  peak  inspiratory  pressures  (PIP). 
The  editorial  by  Hudson**  that  accompanies  these  articles 
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questioned  whether  a  LPVS  is  needed  in  all  patients  with 
ARDS  and  indicated  that  plateau  pressures  (Pp,^,)  of  40  to 
50  cm  H2O  may  be  acceptable  in  some  patients.  Our  in- 
terpretation of  these  data  differs  considerably  from  that  of 
Hudson.  We  contend  that  the  results  from  all  three  of  these 
trials  reveal  the  beneficial  effects  of  a  LPVS  and  support 
the  use  of  physiologically  targeted,  patient-specific  venti- 
latory settings  adjusted  on  the  basis  of  lung  mechanics. 

In  the  study  by  Amato  et  al^  53  patients  with  ARDS  were 
randomly  assigned  to  conventional  mechanical  ventilation  or 
to  an  "open  lung  approach'"  LPVS.  For  24  patients,  conven- 
tional ventilator  care  consisted  of  volume  assist/control  ven- 
tilation, using  square  wave  flow  with  peak  flows  from  50  to 
80  L/min,  a  Vy  set  at  1 2  mL/kg,  a  0.4  sec  inspiratory  pause, 
and  a  respiratoi7  rate  of  10  to  24  breaths/min  to  maintain 
arterial  carbon  dioxide  tension(P.,co,)  between  35  and  38  torr. 
PEEP  and  FjO,  were  set  to  ensure  an  arterial  partial  pressure 
of  oxygen  (P^q,'  —  ^0  'o^  w'^h  FjOi  s  0.6.  In  the  treatment 
group  (n  =  29),  ventilation  was  provided  with  pressure  con- 
trol or  pressure  support.  A  P-V  curve  of  the  total  respiratory 
system  was  constructed  to  identify  the  LIP  and  the  upper 
deflection  point  (UDP).  These  points  were  used  to  guide  the 
application  of  mechanical  ventilation:  PEEP  was  .set  2  cm 
H2O  above  the  LIP,  and  target  pressure  adjusted  to  maintain 
PIP  below  the  UDP.  If  a  LIP  was  not  observed,  PEEP  was  set 
at  16  cm  HiO,  the  driving  pressure  (Pp|.„-PEEP)  was  limited 
to  20  cm  H2O,  and  PIP  limited  to  40  cm  H.O.  F1O2  was 
adjusted  to  keep  the  P  ,0,  ^  80  toiT,  and  the  inspiratory  time 
(T|)  was  increased  if  an  F1O2  greater  than  0.5  was  required.  In 
addition,  whenever  airway  pressures  were  allowed  to  drop  to 
atmospheric  pressure,  a  35-40  cm  H^O  continuous  positive 
airway  pressure  (CPAP)  was  applied  for  40  seconds  to  ensure 
maximal  recruitment  before  ventilation  was  resumed.  Twen- 
ty-eight days  after  enrollment,  18  patients  (62%)  survived  in 
the  treatment  group  as  compared  to  7  patients  (29'7(')  in  the 
control  group.  Moreover,  the  incidence  of  barotrauma  was 
greater  in  the  control  group  (42  vs  1%,  p  <  0.02),  and  the 
weaning  rate  at  day  28  was  also  higher  in  the  treatment  group 
(66  vs  29'7r.  p  <  0.005). 

Stewart  et  al  enrolled  120  patients  "at  risk""  for  ARDS  in 
a  nuillicenter.  prospective  randomized  controlled  trial  in  8 
Canadian  centers."  In  the  control  group  (n  =  60),  V^  was 
set  between  10  and  15  mL/kg  with  PIP  limited  to  50  cm 
ILO,  while  V^-  was  set  at  S  mL/ks:  and  PIP  was  limited  to 
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Fig.  1.  Evolution  of  PEEP  (left  panel),  plateau  pressures  (middle  panel)  and  Paco.,  (right  panel)  in  studies  by  Amato'  and  Stewart. ^  Data 
(mean  ±  SE)  are  plotted  for  the  first  7  days  of  each  study.  LPVS:  lung  protective  ventilatory  strategy;  CTL:  control  group.  Middle  panel;  the 
dashed  line  represents  the  maximum  plateau  pressure  recommended  by  the  Americano-European  Conference  of  Consensus.  Right  panel: 
the  dashed  line  represents  normocapnia.  There  is  a  clear  separation  between  the  treatment  and  the  control  groups  in  the  study  by  Amato 
and  coworkers.  In  contrast,  a  lung  protective  strategy  was  used  in  both  groups  in  Stewart's  study. 


30  cm  H,0  in  the  treatment  group  (n  =  60).  In  both 
groups,  mechanical  ventilation  was  provided  with  volume 
assist/control  ventilation  using  a  decelerating  flow  pattern, 
and  PEEP  was  adjusted  to  maintain  arterial  saturation  ox- 
ygen {S,,oJ  between  89  and  93%  with  FiO.  <  0.5.  Respi- 
ratory mechanics  were  not  assessed  in  either  group.  Fi- 
nally, the  target  P.|Co,  w^^  between  35  and  45  torr.  but 
hypercapnia  was  allowed  in  both  groups  if  it  resulted  from 
the  targeted  ventilatory  settings.  No  difference  in  survival 
was  observed  between  treatment  (50%)  and  control  (53%) 
groups.  A  low  incidence  of  barotrauma  was  reported  in  the 
treatment  as  well  as  in  the  control  group  (10%  and  7% 
respectively).  A  greater  number  of  patients  required  dial- 
ysis ( 13  vs  5,  p  £  0.04)  and  received  muscle  relaxants  (23 
vs  13,  p  s  0.05)  in  the  treatinent  than  in  the  control  group. 

Conflicting  Results 

Since  both  studies  tested  the  same  hypothesis,  one  must 
identify  the  reasons  explaining  these  apparently  conflict- 
ing results.  Figure  I  summarizes  the  evolution  of  key  ven- 
tilatory and  gas  exchange  variables  over  the  first  7  days  in 
both  studies.  The  first  and  fundamental  difference  between 
these  studies  is  the  level  of  PEEP  used.  In  Amato"s  study. ^ 
the  average  level  of  PEEP  (mean  ±  SE)  initially  applied  in 
the  treatment  group  was  16.3  ±  0.7  cm  H^O.  This  was 
significantly  higher  than  PEEP  levels  applied  in  the  con- 
trol group  (6.9  ±  0.8  cm  H^O)  as  well  as  in  Stewart's 
control  (7.2  ±  0.4  cm  H^O)  and  treatment  (8.6  ±  0.4  cm 
HnO)  groups  (Fig.  1.  left  panel).''  Such  differences  in  PEEP 


levels  persisted  over  the  first  7  days.  In  addition.  Amato  and 
colleagues  used  lung  recruitment  maneuvers  (su.stained  infla- 
tion at  35-40  cm  H2O  for  30-40  s)  whenever  airway  pres- 
sures decreased  as  a  result  of  disconnections  from  the  venti- 
lator. Differences  in  lung  recruitment  may.  at  least  piutially. 
explain  the  discrepancy  between  Amato's  and  Stew;iil"s  re- 
sults. 

The  second  major  difference  between  the  two  studies 
was  in  the  inspiratory  plateau  pressures.  In  Amato"  s  study.-'' 
the  small  difference  in  Pp,,,,  at  one  hour  increased  over  the 
first  7  days  resulting  in  an  unquestionable  separation  be- 
tween the  treatment  and  the  control  groups  (23.9  ±  0.7  vs 
37.8  ±  1.2  cm  H,0)  (Fig.  I,  middle  panel).  In  the  control 
group,  values  for  Pp,.,,  potentially  causing  overdistention 
were  measured  by  day  2.  In  contrast,  the  Ppi^,,  observed  in 
both  of  Stewart's  study  groups  were  below  35  cm  H,0 
throughout  the  first  7  days,^  with  the  maximum  Pp,,„  only 
reaching  28.6  ±  0.9  cm  HiO  in  the  control  group.  Vj  and 
Paco,  (F'g-  '■  right  panel)  also  differed  throughout  the  first 
7  days  between  treatment  and  control  groups  to  a  much 
greater  extent  in  Amato' s  study''  than  in  Stewart's  study." 
Consequently,  it  is  not  suipiising  that  Stewart  and  colleagues 
did  not  observe  any  difference  in  outcome  between  treatment 
and  control  groups.  In  neither  group  was  an  overintlation 
injury  possible  because  of  the  low  plateau  pressures  applied, 
and  PEEP  (which  was  not  set  according  to  the  LIP)  did  not 
differ  between  groups.  In  other  words  the  minimal  stretch 
aspect  of  a  LPVS  was  applied  to  both  groups. 

Similarly,  application  of  LPVS  in  all  the  patients  treated 
explains  the  results  published  by  Weg  and  coworkers.^ 
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They  observed  a  I0.69(  incidence  of  pneumolliorux  or 
other  air  leaks  in  725  patients  with  septic  ARDS.  and  did 
not  find  any  significant  correlation  between  high  ventilat- 
ing pressures  or  volumes  and  the  development  of  air  leak. 
It  should  be  emphasized  that  these  conclusions  are  based 
on  a  retrospective  analysis  of  data  collected  in  a  study 
designed  to  evaluate  the  effect  of  surfactant  therapy  in 
septic  ARDS.  The  short  observation  period  (5  d),  as  well 
as  the  low  sensitivity  of  the  methods  used  to  diagnose 
pneumothorax  or  air  leaks,  seriously  limits  the  signifi- 
cance of  the  results  reported  by  Weg  and  co-workers.  As 
indicated  by  Hudson.**  pneumothorax  in  ARDS  normally 
occurs  late  in  the  course  of  the  syndrome,  when  the  collagen 
framework  weakens  as  inflammation  develops  and  remodels 
the  lung's  structure.  In  addition.  Weg  and  co-workers  did  not 
list  the  approach  to  ventilation  nor  the  Pp,,,,  used.^  As  a  result 
it  is  difficult  to  inteipret  the  significance  of  an  average  PIP  of 
45.9  ±  1 1 .7  cm  HiO.  In  fact  if  volume-taigeted.  square  wave 
flow  had  been  used,  the  actual  plateau  pressures  may  have 
been  between  30  and  35  cm  H^O,  particularly  considering  the 
increased  resistance  to  gas  flow  while  surfactant  aerosol  was 
being  delivered  to  the  patient.  This  easily  could  be  inteipreted 
as  a  lung  protective  strategy. 

A  LPVS  Works! 

Experimental  studies  indicate  that  avoiding  overdistention 
of  the  lung  minimizes  the  extent  of  ventilator-induced  lung 
injury,'  and  support  the  use  of  PEEP  to  prevent  the  develop- 
ment of  high  stretch  lung  injury.-''  "  Amato"s  data  are  con- 
sistent with  these  studies  and  with  previously  published  clin- 
ical investigations'-  '-*  using  a  LPVS.  In  their  treatment  group. 
Amato  and  co-workers  addressed  both  aspects  of  a  lung  pro- 
tective strategy;  maximal  reciuitment  and  minimal  stretch. 
The  use  of  high  PEEP  levels  together  with  low  Vj  prevented 
both  the  shear  stress  injury  as.sociated  with  repetitive  opening 
and  closing  of  the  unstable  lung'  '"^  and  the  high  stretch  injuiy 
resulting  from  lung  overinflation.' 

Using  this  strategy.  Amato  et  al  reported  an  improve- 
ment in  survival  in  a  group  of  ARDS  patients  who  appear 
more  severe  (no.  of  extra-pulmonary  organ  failures  = 
2.6  ±  1 .3)  than  those  studied  by  Stewart  (total  no.  of  organ 
failures  =  1.4  ±  1).  In  addition,  application  of  a  LPVS 
reduced  observed  mortality  as  compared  to  predicted  mor- 
tality (38  vs  547f ).  Maybe  key  to  the  improved  survival  in 
the  LPVS  group  is  the  early  maximal  recruitment  of  lung, 
which  could  minimize  consolidation  and  secondary  pul- 
monary infection.  Another  explanation  could  be  that  ap- 
plication of  LPVS  limited  the  development  of  multiple 
organ  failure,  which  remains  the  primary  cause  of  death  in 
ARDS  as  shown  in  Stewart's  study."  Supporting  this  hy- 
pothesis are  recently  reported  experimental  studies  (re- 
viewed in  Ref  16)"'  that  suggest  that  injurious  ventilatory 
strategies  can  facilitate  bacterial  translocation  from  the 


alveoli  into  the  blood  stream.'^  increase  pulmonary  neu- 
trophil infiltration  and  adhesion,"*  and  stimulate  the  local 
production  and  the  systemic  dissemination  of  inflamma- 
tory cytokines.'''  -'  In  addition,  Ranieri  and  co-workers 
recently  observed  that  inflammatory  cytokines  decrea.sed 
in  patients  with  ARDS  ventilated  with  a  LPVS.  but  in- 
creased in  patients  treated  with  conventional  ventilation. -- 
One  hopes  that  other  studies  will  be  performed  to  con- 
firm the  results  reported  by  Amato  and  to  define  the  op- 
timal modalities  for  implementation  of  the  "open-lung  ap- 
proach." However,  it  may  now  be  impossible  to  perform  a 
clinical  trial  comparing  a  truly  high  stretch  ventilatory 
strategy  (ie.  Amato's  control  group)  to  a  low  stretch  LPVS 
in  ARDS.  The  volumes  and  pressures  used  in  the  control 
arms  of  trials  by  Stewart''  and  Brochard,-'  as  well  as  in  the 
Exosuif  trial. ^  clearly  indicate  that  clinicians  are  unwilling  to 
deliver  large  Vy  and  apply  high  P^,  „.  It  is  now  rare  to  see 
ARDS  patients  ventilated  with  the  large  V^^s  (12-15  niL/kg) 
or  airway  pressures  (70-90  cm  H^O)  that  were  common  in 
the  1970s  and  1980s,  and  data  from  Hudson's  group  con- 
firmed that  the  average  V-,  used  for  ARDS  in  their  institution 
decreased  considerably  from  1983  to  1995.--' 

In  Conclusion 

After  careful  analysis  of  investigations  by  Amato,  Stew- 
art and  Weg.'*-^  we  would  conclude  that  all  three  of  these 
studies  support  the  use  of  a  LPVS  in  all  ARDS  patients. 
Data  from  Stewart  and  Weg  demonstrate  that  we  have 
accepted  the  need  to  limit  peak  alveolar  pressure  to  avoid 
overdistention,  and  that  this  is  sufficient  to  decrease  mor- 
tality as  compared  to  historical  control  groups.  Data  from 
Amato  highlight  that  a  LPVS  not  only  includes  avoidance 
of  overdistention  but  also  maximal  lung  recruitment  based 
on  assessment  of  respiratory  mechanics.  It  appears  that 
most  of  us  have  been  convinced  of  the  detrimental  effects 
of  a  high  peak  alveolar  pressure.  What  remains  is  to  con- 
vince everyone  of  the  beneficial  effects  of  the  use  of  high 
PEEP,  very  early  in  ARDS,  based  on  the  actual  respiratory 
mechanics  of  the  individual  patient. 
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Critical  Care  Medicine:  The  Essentials. 

John  J  Mariiii  MD  ;md  Artluir  P  Wheeler 
MD.  Editors.  SDfleiner.  illustrated.  640 
pages.  Baltimore  MD;  Williams  &  Wilkins; 
1997.  $46.95. 

Critical  Care  Medicine:  The  Essentials 

by  John  J  Marini  MD  and  Arthur  P  Wheeler 
MD.  now  in  its  second  edition,  is  a  soft- 
cover  text  written  entirely  by  these  two  spe- 
cialists in  intensive  care  medicine.  The  book 
is  organized  into  three  main  sections — the 
first  describes  techniques  and  methods  in 
critical  care,  followed  by  a  section  on  med- 
ical crises,  and  then  a  shorter  section  on 
surgical  crises.  Each  individual  chapter  is 
punctuated  by  "key  points"  that  are  expanded 
enough  to  form  a  useful  summary. 

In  the  authors'  words,  the  content  of  the 
book  was  selected  for  its  interest  and  prac- 
tical value  and  not  meant  to  be  comprehen- 
sive. Though  the  intended  readership  is  un- 
stated, it  appears  to  be  directed  at  anyone 
involved  in  the  clinical  care  of  patients  in 
the  intensive  care  setting.  Its  stress  on  basic 
pathophysiology  at  the  systems  level, 
blended  with  a  clear  view  toward  practical, 
bedside  decision-making,  makes  this  text 
ideal  for  the  medical  student  or  resident  ro- 
tating through  the  'unit."  However,  its  clear 
and  thorough  treatment  of  cardiopulmonary 
physiology  would  be  appreciated  by  all  in- 
volved in  intensive  care,  as  well  as  by  crit- 
ical care  nurses.  Though  covering  the  broad 
range  of  subjects  encountered  in  the  medi- 
cal intensive  care  unit,  its  evident  weight  on 
the  physiology  of  respiratory  failure  and  the 
principles  of  tnechanical  ventilation  (ie,  .sep- 
arate chapters  on  positive  end-expiratory 
pressure  and  weaning  froin  mechanical  ven- 
tilation) makes  these  sections  extremely 
valuable  for  the  respiratory  therapist.  The 
brief  treatment  of  surgical  critical  care  is 
acknowledged  in  the  preface  and  is  a  reflec- 
tion of  the  interests  and  goals  of  the  authors 
rather  than  a  weakness. 

The  book's  main  strength  is  the  ease  with 
which  it  moves  from  physiologic  first  prin- 
ciples to  'nuts  and  bolls"  medicine.  For  in- 
stance, sections  written  on  the  inteiprelation 
of  pulmonary  artery  catheter  readings,  along 
with  useful  discussions  of  calibralion.  damp- 
ing, and  overwedging,  are  some  of  the  best. 
In  addition,  a  new  section  on  IC'U  utiliza- 


tion and  cost  control  is  both  practical  and 
thought-provoking.  The  information  is  cur- 
rent and  fairly  weighted,  with  the  most  time 
spent  on  well-validated  standards  of  diag- 
nosis and  treatment,  and  less  in-depth  dis- 
cussions of  experimental  but  promising  ther- 
apies, such  as  liquid  ventilation,  inhaled 
nitric  oxide,  and  prone  positioning  in  acute 
respiratory  distress  syndrome.  The  absence 
of  specific  citations  in  favor  of  a  "suggested 
readings"  list  for  each  chapter  is  in  line  with 
the  tone  of  the  text.  However,  many  of  the 
recommendations  are  "drawn  heavily  from 
our  own  clinical  experience."  and  several 
controversial  points  are  stated  as  fact;  some 
questionable  statements  leave  the  reader 
wanting  to  search  the  specific  reference.  For 
instance,  the  selectivity  and  effect  on  glo- 
merular filtration  rate  of  'renal-dose'  dopa- 
mine and  the  ability  of  flumazenil  to  re- 
verse the  respiratoi7  depressant  effects  of 
benzodiazepines  aie  overstated.  In  addition, 
rare  statements  appear  to  be  eiToneous,  eg, 
reference  to  an  unachievable  "sinus  heart 
rate  exceeding  (220-  age/min)"  or  the  con- 
fusing statement  that  emergency  dialysis 
should  be  peiformed  in  all  patients  with  toxic 
serum  levels  of  methanol  or  ethylene  glycol. 
The  readability  of  this  text,  unquestion- 
ably related  to  the  authors'  claim,"every 
statement  has  been  read  aloud,"  is  excel- 
lent, and  the  tables  and  illustrations  are  well 
conceived.  There  are  few  if  any  typograph- 
ical errors  and  the  index  is  quite  good.  The 
lack  of  specific  citations  and  comprehen- 
siveness should  keep  this  book  from  being 
used  as  a  stand-alone  text,  but  as  a  compan- 
ion text  for  those  delivering  critical  care,  it 
is  more  than  adequate. 

David  R  Schwartz  MD 
AtuI  Malholtra  MD 
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Infectious  Diseases  of  the  Respiratory 
Tract,  Michael  E  Ellis.  Editor,  Hardco\er. 
illustrated,  60.5  pages.  Cambridge  CK:  t  'am 
bridge  University  Press;  199,S.  S20().0(), 

Infectious  Diseases  of  the  Respiratory 
Tract  strives  to  be  "a  current,  comprehen- 
sive, clinicalh  orienlcti  irelsouive  book  on 


respiratory  infections."  The  book  editor  ac- 
knowledges and  emphasizes  that  physicians 
from  a  variety  of  different  backgrounds  care 
for  patients  with  infections  of  the  respira- 
tory tract.  Therefore  he  has  attempted  to 
produce  a  reference  book  that  will  cut  across 
the  boundaries  of  traditional  disciplines.  To 
this  end,  the  international  list  of  contribu- 
tors includes  pediatricians,  internists,  pul- 
monologists,  epidemiologists,  radiologists, 
microbiologists,  virologists,  intensivists,  and 
infectious  diseases  physicians. 

This  book  is  intended  for  physicians,  but 
a  broader  audience  of  health  care  profes- 
sionals would  find  it  u.seful.  I  found  that 
inost  chapters  were  very  readable  and  'user 
friendly.'  The  chapters  are  organized  into 
three  major  sections.  Part  1  covers  diagnos- 
tic tests,  host  defenses,  and  general  princi- 
pals of  antimicrobial  therapy.  Pail  2  includes 
individual  chapters  on  major  respiratory 
pathogens.  Last,  the  chapters  in  Part  3,  en- 
titled Major  Respiratory  Syndromes,  address 
general  clinical  scenarios  such  as  commu- 
nity acquired  pneumonia,  human  immuno- 
deficiency virus  (HlV)-associated  respira- 
tory infections,  and  respiratory  infections 
associated  with  foreign  travel.  Overall,  this 
organizational  scheine  works  well,  allow- 
ing the  reader  to  select  chapters  based  either 
on  a  specific  pathogen  or  by  the  general 
category  of  clinical  setting  in  which  illness 
occurs. 

Several  other  appealing  features  of  this 
book  wanant  mention.  The  book  contains  a 
moderate  number  of  photographs,  most  of 
which  are  informative.  Chapters  are  well 
referenced,  often  with  over  200  citations 
each  The  chapters  legarding  new  diagnos- 
tic methods  and  tests  are  very  cuirent.  I  found 
Chapter  1  .^ — Pneumonia  Due  to  Small  Bac- 
terial Organisms  -especially concise, read- 
able, and  infonnative.  The  book  has  an  in- 
ternational style  that  is  enjoyable  and  useful. 
For  exainple,  the  discussion  of  tuberculosis 
includes  epidemiology  and  treatment  i,ssues 
unique  to  different  regions  of  the  world. 

Despite  these  laudatory  characteristics, 
few  books,  especially  in  first  edition,  are 
without  shortcomings.  This  book  has  very 
lew  color  plates.  Many  Gram-stains,  skin 
lesions  and  histopalhology  slides  are  shown 
in  black  and  while.  I  found  only  a  few  mi- 
nor errors  in  indexinc.  Allhouszh  most  of 
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the  writing  is  excellent,  tliere  ure  some  spotty 
lapses  in  quality  and  a  few  sections  seem 
unnecessarily  speculative. 

Nonetheless.  Infectious  Diseases  of  the 
Respiratory  Tract  is  a  practical  reference 
that  does  not  merely  duplicate  the  pulmo- 
nary infection  sections  of  the  major  text- 
books in  infectious  diseases  or  pulmonary 
medicine.  The  book  is  not  flashy,  but  has  a 
distinctive  look.  The  cover  is  blue  with  yel- 
low and  green  graphics.  I  think  this  book 
may  find  a  niche  among  the  many  profes- 
sionals who  care  for  patients  with  re.spira- 
tory  infections.  If  so.  its  relatively  minor 
flaws  would  ideally  be  corrected  in  the  next 
edition. 

Robert  L  Danner  MD 

Senior  Investigator 

Critical  Care  Medicine  Depailment 

National  Institutes  of  Health 

Bethesda.  Maryland 

Shared  Care  for  Asthma.  Mark  L  Levy. 
John  M  Couriel.  Roland  A  Clark.  Stephen 
T  Holgate.  and  Anoop  J  Chauhan.  Softcover. 
illustrated.  219  pages.  Oxford:  Isis  Medical 
Media  Ltd:  1997.  $27.95. 

The  book  is  divided  into  seven  chapters. 
Chapter  1  deals  with  the  scope  of  asthma 
and  the  problems  in  communicating  across 
the  interfaces  of  the  health  care  spectrum. 
Chapter  2  is  an  overview  of  a.sthma.  As 
such,  it  deals  with  a  description  of  a.sthma. 
along  with  its  causes  and  the  financial  bur- 
dens it  places  on  the  individual,  the  health 
care  system,  and  society  as  a  whole.  Chap- 
ter 3  deals  with  the  mechanisms  involved  in 
airway  inflammation  and  the  cellular  biol- 
ogy involved. 

Chapter  4  hits  upon  the  specifics  of  di- 
agnosis (eg.  peak  expiratory  flow),  along 
with  the  problems  both  of  delayed  and  of 
under-diagnosed  asthma.  Chapter  5  lays 
down  the  current  goals  of  asthma  manage- 
ment. They  are  listed:  to  abolish  symptoms, 
to  maintain  lung  function,  to  reduce  fre- 
quency and  severity  of  attacks,  and  to  min- 
imize the  incapacity  that  affects  the  asth- 
matic's functioning  both  at  school  and  at 
work.  Also  introduced  is  the  current  trend 
toward  using  cortico  steriods  as  the  first  line 
of  defense.  Chapter  6  deals  with  the  current 
care  of  asthma  in  the  community  and  in  the 


hospital  setting,  and  how  improvements  can 
be  made  toward  a  seamless  interfacing 
throughout  the  health  care  system.  The  final 
chapter  presents  case  studies  and  examples 
of  refenal  letters.  This  chapter  deals  with 
specific  problems  of  asthma  management, 
diagnosis,  and  the  essentials  necessary  for  a 
successful  referral  to  a  specialist. 

This  book  was  written  for  primary  care 
health  professionals  and  hospital  .specialists. 
However,  it  should  be  pointed  out  that  there 
are  no  respiratory  care  practitioners  (RCPs) 
in  England.  As  such,  many  of  the  duties 
ascnbed  to  'practice  nurses'  and  "nurse  spe- 
cialists' in  the  hospitals  would  fall  under  the 
auspices  of  RCPs  here  in  the  United  States. 
Consequently,  a  large  portion  of  topics  re- 
lating to  seamless  c;ire  would  fall  into  the 
RCPs'  domain  here.  I  would  say  that  the 
authors  have  achieved  their  overall  goal  of 
providing  a  concise  and  well-documented 
need  for  a  seamless  approach  to  the  Ciire  of 
the  asthmatic  patient. 

Many  of  the  problems  being  faced  in  En- 
gland are  the  same  ones  that  we  face  here: 
a  lack  of  education  among  the  general  prac- 
tice population  pertaining  to  the  cun'ent  rec- 
ommendations, both  of  the  National  Insti- 
tutes of  Health  (NIH)'  and  the  British 
Thoracic  Society  (BTS).-  peilaining  to  treat- 
ing asthma  as  an  inflammatory  disease,  with 
primary  treatment  consisting  of  coilicoste- 
riods  and  antileukolriene  therapy.  Similar 
problems  are  apparent  in  both  countries. 
These  include  education  within  the  school 
.systems,  education  of  asthmatic  families, 
and  education  in  the  ho.spital  setting  for  rec- 
ognition and  treatment  of  asthma.  Feedback 
both  up  and  down  the  health  care  ladder  is 
also  important  so  that  the  asthmatic  is  not 
misdiagnosed,  does  not  get  lost  in  the  shuf- 
fle, or  have  his  or  her  care  mismanaged. 

The  style  of  the  writing  is  clear  and  sur- 
piisingly  concise.  There  are  minor  differ- 
ences due  to  language,  but  the  few  occur- 
rences are  easy  to  inteipret.  For  example,  in 
Chapter  2  on  Page  17:  "activities  such  as 
caiTying  the  wash  from  the  top  flat  to  the 
drying  green"  and  "taking  the  push  chair  up 
one  flight"  (referring  to  uncontrolled  asthma 
and  the  patients"  ability  to  function  normally ) 
pose  no  problem  once  the  initial  confusion 
has  passed.  The  authors  should  feel  confi- 


dent that  their  conclusions  are  convincing. 
After  reading  this  text,  one  becomes  .sym- 
pathetic to  the  need  for  increa.sed  aw;ireness 
and  cooperative  care  within  the  health  care 
system. 

The  authors  cite  the  BTS  guidelines,- 
which  mirror  the  NIH  guidelines.'  For  the 
most  part  the  differences  relate  to  specific 
tests  for  asthma.  For  example.  Chapter 
4 — Diagnosis — states  that  "variability 
>  1.5-20%  in  PEF  or  FEV,  is  probably  due 
to  a.sthma."  The  NIH'  guidelines  state  the 
variability  as  >  12%.  There  are.  however 
some  differences  that  point  to  variability  in 
medical  management.  Again,  in  Chapter  4. 
on  Page  89:  "It  is  generally  recommended 
that  the  patient  should  double  their  prophy- 
latic  medications  and  take  their  bronchodi- 
lators  regularly  at  the  onset  of  a  cold  until 
the  cold  symptoms  settle."  This  does  differ 
from  the  NIH'  'step  wise'  guidelines. 

The  book  itself  is  pleasing  to  the  eye  and 
the  type  makes  for  easy  reading.  The  tables, 
charts,  and  graphs  are  easy  to  interpret.  I 
noted  no  typographical  errors.  For  the  top- 
ics covered,  the  references  are  timely  and 
up  to  date.  The  index  proved  useful  for  find- 
ing subjects  once  I  was  done  with  the  indi- 
vidual chapters. 

I  do  feel  that  those  of  us  who  treat  (he 
asthmatic  patient  on  a  daily  basis  cannot 
help  but  feel  a  kinship  for  our  brethren  from 
across  the  Atlantic.  Until  we  can  uniformly 
provide  the  type  of  seamless  care  called  for 
in  this  text,  I  fear  that  we  can  expect  little 
statistical  gain  in  the  battle  for  decreased 
morbidity  and  mortality  in  asthma  care. 

Frank  E  Biondo  RRT  RCP 

Emanuel  Hospital  &  Health  Center 
Portland.  Oregon 
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Standards  of  Effective  Administration  of  Inhalation  Therapy 

Second  Report  by  the  Committee  on  Public  Health  Relations 
of  the  New  York  Academy  of  Medicine 


Recent  extension  of  knowledge  concerning  the  physiol- 
ogy of  respiration  and  the  development  of  improved  meth- 
ods of  administering  inhalational  therapy  have  made  it 
advisable  to  review  the  "Standards  of  Effective  Adminis- 
tration of  Inhalational  Therapy"  formulated  by  the  Com- 
mittee on  Public  Health  Relations  of  the  New  York  Acad- 
emy of  Medicine  in  1943.'  It  has  also  seemed  appropriate 
to  emphasize  again  the  importance  of  observing  these  stan- 
dards in  the  everyday  practice  of  inhalational  therapy. - 

Inhalational  and  Physiologically 
Directed  Therapy 

The  importance  of  inhalational  therapy  in  modern  med- 
ical practice  has  been  shown  by  its  effective  use  in  cardiac 
failure,  coronary  artery  disease,  asthma,  atelectasis  of  the 
lungs  in  the  newborn,  postoperative  atelectasis,  pneumo- 
nia, pulmonary  edema,  emphysema  and  cerebral  thrombo- 
sis, as  well  as  by  its  value  in  the  treatment  of  war  gas 
poisoning,  respiratory  failure  due  to  poisons  and  other 
causes,  drowning,  severe  hemorrhage,  acute  altitude  sick- 
ness and  shock. 

The  therapeutic  use  of  oxygen  is  based  on  the  existence 
of  a  state  of  anoxia,  that  is,  lack  of  oxygen  in  the  tissues. 


An  abbreviated  version  first  appeared  in  JAMA,  September  2.  1950.  Vol 
144,  pp  25-34.  Full  version  reprinted,  with  permission  of  the  New  York 
Academy  of  Medicine. 

Prepared  by  Drs  Alvan  L  Baracli.  Chairman.  Clarence  E  de  la  Chapelle. 
Bettina  Garthwaite.  Irving  M  Pallin,  Dickinson  W  Richards  Jr.  H  Mcl.cod 
Riggins.  and  Paul  M  Wood,  members,  and  EHL  Corwin  PhD.  secretary. 
Subcommillce  on  Inhalational  Therapy  of  the  Committee  on  Public  Health 
Relations. 

'  .Standards  of  Effective  Admmistration  of  Inhalational  Therapy.  Com- 
mittee on  Public  Health  Relations  of  the  New  York  Academy  of  Medi- 
cine, JAMA  121:755  (March  6|  1943.  Barach  AL:  Physiologic  Therapy 
in  Respiratory  Disease,  Philadelphia,  JB  Lippincolt  Company.  1948. 
■  The  results  of  a  survey  of  the  practice  of  inhalational  therapy  in  hos- 
pitals, recently  undertaken  by  the  Committee  on  Public  Health  Relations 
of  the  New  York  Academy  of  Medicine,  indicated  a  wide  discrepancy 
between  information  available  concerning  methods  of  administration  and 
the  actual  conduct  of  this  form  of  therapy.  The  final  results  of  Ihis  sin  \  cy 
will  be  prcsenlcd  elsewhere.  |.Survey  reprinted,  with  permission  ol  the 
New  York  Academy  of  Medicine,  on  pages  749  753  of  this  issue.  | 


This  may  be  produced  by  failure  of  an  adequate  pressure 
of  oxygen  to  reach  the  pulmonary  capillaries  or  by  a  low- 
ered blood  flow  which  causes  a  disproportionately  large 
amount  of  oxygen  to  be  taken  out  of  the  capillaries  and 
which  results  in  a  diminished  oxygen  pressure  insufficient 
for  normal  functioning  of  the  tissues.  Oxygen  want  may 
develop  even  with  a  normal  arterial  saturation,  as  in  a 
throTiibosis  of  the  coronary,  popliteal  or  cerebral  arteries. 
Treatment  in  the.se  circumstances  makes  use  of  the  in- 
creased pressure  of  oxygen  physically  dissolved  in  the 
blood,  an  accomplishment  which  not  only  increases  the 
tension  of  oxygen  through  an  artery  that  still  may  be  partly 
patent  but,  more  significantly,  raises  the  tension  in  the 
collateral  circulation  which  feeds  the  area  of  the  obstructed 
artery.  The  most  pronounced  signs  of  the  physiologic  ad- 
vantages of  inhalation  of  oxygen  are  a  diminution  in  cy- 
anosis, dyspnea,  the  pulse  rate,  restlessness  and  delerium 
[sic]  and  a  decrease  in  the  volume  of  pulmonary  ventila- 
tion. 

Although  the  administration  of  oxygen  is  the  mainstay 
of  inhalational  therapy,  other  procedures  have  been  devel- 
oped to  improve  respiratory  function.  These  include  the 
employment  of  helium  with  oxygen,  and  of  oxygen  or 
helium-oxygen  mixtures  under  positive  pressure.  The  use- 
fulness of  substituting  helium  for  nitrogen  in  a  respirable 
gas  mixture  is  due  to  the  lower  specific  gravity  of  helium; 
this  property  makes  it  possible  to  breathe  through  con- 
stricted pulmonary  passageways  at  almost  one  half  the 
effort  required  for  respiration  of  air  or  of  pure  oxygen.  The 
decreased  physical  pressure  necessary  for  the  inhalation  of 
a  helium-oxygen  mixture  results  in  a  lowering  of  the  ele- 
vated negative  pressure  that  occurs  within  the  chest  in 
obstructive  dyspnea  except  in  the  presence  of  emphysema. 
Positive  pressure  provided  during  inspiration  tends  to  pre- 
vent the  excessive  negative  intrapulmonary  pressure  from 
exerting  a  suction  action  on  the  bronchial  and  pulmonary 
epithelium  and  thus  is  apt  to  inhibit  the  collection  of  ex- 
cessive mucus  within  the  bronchi  and  the  development  of 
pulmonary  edema.  Positive  pressure  within  the  lungs  dur- 
ing expiration  precludes  severe  bronchial  constriction  and 
may  in  some  cases  retard  the  flow  of  blood  into  the  right 
auricle,  allowing  ihe  hearl  lo  deal  temporarily  with  a  smaller 
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Fig.  1.  Oxygen  therapy  regulator  for  high  pressure  cylinders.  A.  pressure  and 
contents  of  cylinder  In  cubic  feet  indicated;  6,  oxygen  flow  in  liters  per  minute;  C, 
attachment  to  cylinder;  and  D,  attachment  to  rubber  tubing. 


volume  of  blood.  In  addition,  positive  pressure  breathing 
exerts  an  opposing  pressure  on  the  external  capillary  wall, 
tends  to  prevent  edema  and  counteracts  the  internal  hy- 
drostatic pressure  within  the  capillary. 

The  local  application  of  epinephrine  and  phenylephrine 
hydrochloride  by  inhalation  of  nebulized  mists  brings  these 
agents  in  contact  with  the  smaller  bronchi  locally  and  fre- 
quently brings  about  cessation  of  bronchial  spasm  and  a 
decreased  swelling  of  the  mucous  membrane  at  a  rela- 
tively low  concentration  of  the  drug  in  the  body.  In  recent 
years  antibiotic  aerosols  have  been  used  to  combat  infec- 
tions in  the  respiratory  tract;  this  phase  of  inhalational 
therapy  is  considered  at  length  at  the  end  of  this  presen- 
tation. 

In  order  to  regulate  inhalational  therapy  properly,  the 
physician  should  prescribe  the  concentration  of  oxygen 
and  the  volume  flow  per  minute,  as  well  as  the  type  of 
apparatus  and.  in  the  newer  procedures,  the  amount  and 
type  of  positive  pressure  and  the  proportion  of  helium  in 
helium- oxygen  mixtures.- 

Apparatus  for  the  Administration  of  Oxygen 

Cylinders  and  Regulators.  High  pressure  cylinders 
with  a  capacity  of  at  least  220  to  244  cubic  feet  (6.2  to  6.9 


cubic  meters)  or  in  the  case  of  half-size  cylinders  110  to 
122  cubic  feet  (3.1  to  3.45  cubic  meters)  should  be  em- 
ployed for  the  administration  of  oxygen.  There  is  no  jus- 
tification for  the  use  of  low  pressure  tanks,  since  there  is 
no  special  "medicar'  oxygen  and  only  small  quantities  of 
oxygen  can  be  furnished  in  this  expensive  manner.  The 
oxygen  used  in  medical  practice  is  the  same  as  industrial 
oxygen. 

The  pressure-reducing  regulator  attached  to  any  oxygen 
cylinder  contains  two  gages;  the  one  proximal  to  the  ox- 
ygen tank  indicates  the  amount  of  gas  in  the  tank  and  the 
distal  one  the  rate  of  flow  in  liters  per  minute.  Either  a 
variable  orifice  float  gage  or  a  Bourdon  tube  spring  type 
regulator  gage  may  be  employed,  provided  the  gage  cho- 
sen is  made  by  a  reliable  standard  manufacturer.  The  gage 
should  be  tested  from  time  to  time  by  measuring  the  rate 
at  which  the  spirometer  bell  of  a  metabolism  apparatus  is 
filled  at  standard  pressure  and  temperature.  Before  the 
regulator  is  attached  to  an  oxygen  tank,  the  oxygen  cylin- 
der should  first  be  '"cracked,"  that  is,  it  should  be  opened 
slightly  until  the  hiss  of  escaping  gas  is  heard  and  then 
quickly  closed.  This  is  done  to  prevent  the  initial  oxygen 
stream  from  blowing  dust  into  the  regulator.  Oil  should  not 
come  in  contact  with  the  regulator  or  cylinder  valve  either 
from  oilins  or  from  the  technician's  hands. 
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TO  TENT  CANOPY 


B 


.ADJUSTABLE  LOUVERS 

TENT  CANOPY 


la 


^ 


ENTERS  ICE  CABINET  THROUGH 
LOUVERS 


HEATED  AIR  RISES 

COOL  AIR  RETURNS  HAVING  PASSED 
THROUGH  ICE  AND  SODA  LIME  AND 
BEEN  ENRICHED  WITH  OXYGEN. 


ADJUSTABLE  LOUVERS 


Fig.  2.  Circulation  diagram  of  ice-cooled  oxygen  tents  (A,  motor  blower  tent;  B,  motorless  tent).  In  the  mechanically  refrigerated  tent  a 
commercial  refrigerant  (freon'"')  is  used  with  a  compressor  unit  to  accomplish  air  conditioning,  with  thermostatic  regulation  of  temperature. 


Oxygen  Tents.  The  oxygen  tent  is  a  comfortable  and 
effective  means  of  administering  50  to  60  per  cent  oxygen, 
provided  precautions  are  taken  to  prevent  undue  leakage. 
The  most  important  error  in  its  use,  one  which  is  fre- 
quently made,  is  to  allow  the  motor-driven  fan  to  operate 
while  the  tent  is  opened  for  the  patient  to  eat  or  drink  or  for 
the  physician  to  examine  the  patient.  It  is  of  considerable 
importance  to  turn  the  motor  off  before  the  tent  is  opened 
or  in  ice-cooled  tents  before  ice  is  added.  If  this  is  done, 
the  amount  of  oxygen  lost  by  diffusion  is  small  and  the 
loss  from  the  refrigerating  chamber  is  eliminated.  After 
the  patient  has  received  attention,  the  tent  is  closed  and  the 
motor  turned  on  again.  When  this  procedure  is  used,  a 
flow  of  15  liters  of  oxygen  a  minute  for  twenty  minutes, 
with  a  maintenance  flow  of  10  liters,  results  in  an  oxygen 
concentration  within  the  tent  of  50  per  cent  or  higher  in  the 
majority  of  instances. 

A  maintenance  flow  of  10  liters  of  oxygen  per  minute 
should  be  used  not  merely  to  keep  the  concentration  at  50 
per  cent  but  to  wash  out  the  carbon  dioxide  which  would 
otherwise  accumulate  in  concentrations  above  1  per  cent. 
an  undesirable  amount.  When  a  60  per  cent  oxygen  con- 
centration is  desired,  the  maintenance  flow  should  be  12  to 
14  liters  per  minute.  In  practice  it  is  frequently  advanta- 
geous to  prescribe  a  flow  of  12  liters  per  minute  continu- 


ously, even  for  maintenance  of  an  oxygen  concentration  of 
50  per  cent,  since  purging  of  the  tent  with  15  liters  per 
minute  is  then  usually  not  necessary.  It  is  important,  how- 
ever, to  test  the  concentration  of  a  tent  with  an  oxygen 
analyzer  twice  daily. 

The  technician  should  be  equipped  to  test  the  carbon 
dioxide  concentration  in  the  tent.  When  it  has  been  dein- 
onstrated  that  the  percentage  of  carbon  dioxide  is  not  above 
I  or  at  most  1.5  per  cent  under  operating  conditions,  this 
test  need  not  be  performed  routinely.  The  size  of  the  tent 
does  not  mean  that  smaller  flows  of  oxygen  can  be  used. 
The  patient  who  produces  200  cc.  of  carbon  dioxide  a 
minute  must  have  this  diluted  with  20,000  cc.  of  air-oxy- 
gen mixture  to  keep  the  carbon  dioxide  concentration  at  1 
per  cent.  This  is  provided  by  leakage  of  air  in  and  around 
the  attachments  to  the  bed  of  the  transparent  canopy  as 
well  as  by  an  inflow  of  10  or  more  liters  of  oxygen  per 
minute.  It  is  for  this  reason  that  soda  lime  is  not  needed  in 
any  properly  constructed  tent. 

In  the  modern  tent  equipped  with  mechanical  air-con- 
ditioning the  temperature  may  be  set  at  the  desired  level  by 
employing  the  thermostat  attached  to  the  tent.  It  should  be 
borne  in  mind  that  the  tent  does  not  have  to  be  operated  at 
low  lempeialures,  but  sitould  be  kept  at  that  Icmperatine 
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Fig.  3.  Oxygen-testing  analyzer. 


which  is  comfortable  to  the  patient  and  preferred  by  the 
physician. 

For  most  patients  with  fever  a  temperature  between  60 
and  68  F.  is  preferred  in  winter  and  a  slightly  higher  tem- 
perature in  summer;  for  older  patients  and  infants  higher 
temperatures  are  often  desirable.  The  relative  hiunidity  is 
generally  maintained  between  40  and  60  per  cent.  When 
tents  are  ventilated  by  motor  blower  circulation,  which 
forces  the  oxygen-air  atmosphere  over  ice  or  refrigerant 
(freon'^)-filled  coils,  the  humidity  will  usually  be  within 
this  range.  In  certain  conditions,  such  as  tracheobronchitis, 
higher  humidities  and  temperatures  than  are  normally  em- 
ployed may  be  desirable.  Nebulizers  or  vaporizers  may  be 
employed  to  add  water  to  the  atmosphere.  The  technicians 


should  be  instructed  to  observe  and  record  the  temperature 
in  the  tent  at  each  visit.  If  the  temperature  rises  above  70 
F..  the  indication  is  that  there  is  inadequate  cooling  and 
consequently  inadequate  removal  of  moisture. 

Tents  for  Infants.  The  same  general  principles  apply  to 
tents  for  infants,  except  that  higher  temperatures  and  higher 
humidities  should  be  prescribed  for  very  young  infants. 
Furthermore,  smaller  tents  may  be  used.  It  should  be  rec- 
ognized that  infants  deprived  of  heat  by  rapid  circulation 
of  cold  atmosphere  over  them  may  have  an  abrupt  fall  in 
body  temperature.  A  tent  with  an  aperture  at  the  top  and 
with  a  means  of  admitting  oxygen  may  be  used,  provided 
it  is  not  placed  near  an  open  window  or  door  where  air 
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Fig.  4.  Electric  type  oxygen  analyzei 


cuibon  dioxide;  for  example,  a  meter  setting  of  40  per  cent 
oxygen  results  in  an  intake  of  3  liters  per  minute  of  air  for 
each  liter  per  minute  of  oxygen.  Charts  are  provided  which 
indicate  the  proper  rate  of  flow  required  to  produce  vary- 
ing oxygen  concentrations  in  both  children  and  adults,  as 
well  as  the  flow  required  to  wash  out  carbon  dioxide  in 
varying  circumstances.  These  head  tents  may  be  used  with 
or  without  ice  by  the  provision  of  a  rack  at  the  back  of  the 
head. 

Sterilization  of  the  Tent.  After  the  termination  of  use 
by  each  patient  the  tent  should  be  washed  with  soap  and 
water  inside  and  outside.  It  should  be  finally  rinsed  with 
water  or  rubbed  down  with  70  per  cent  alcohol  and  thor- 
oughly aired.  In  private  practice  the  use  of  plastic  canopies 
permits  replacement.  Ultraviolet  lamps  have  been  suggested 
as  sterilizing  agents. 


Fig,  5.  Infant  oxygen  hood  with  built-in  ice-cooling  compartment. 


currents  may  blow  out  the  acciunuhiled  oxygen.  It  is  de- 
sirable to  test  the  oxygen  concentration  in  these  tents  at  the 
level  of  the  infant's  nose.  Since  infants  produce  little  heat, 
water  and  carbon  dioxide,  an  open-lop  tent  without  an  air 
conditioner  may  be  employed. 

An  injector  meter  may  be  employed  for  the  administra- 
tion of  precise  concentrations  of  oxygen  of  40  to  90  per 
cent  in  both  open  box  tents  and  closed  head  tents.  The 
advantage  of  the  injector  is  that  it  pnwidcs  increased  ven- 
tilalion  of  the  tent  with  atlei|uale  provision  for  washing  out 


Fire  Hazards.  All  tents  should  be  conspicuously  labeled 
"Danger.  No  flames.  No  sparks."  When  a  tent  is  used 
within  a  private  room,  it  is  desirable  to  place  on  the  door 
a  sign  bearing  a  similar  warning.  Oxygen  regulators  should 
also  be  conspicuously  stamped  "Do  not  oil."  It  is  sug- 
gested that  noninflammable  transparent  material  be  used 
in  the  construction  of  tent  canopies. 

Smoking  should  not  be  permitted  in  a  room  in  which  an 
oxygen  tent  is  being  used.  Electric  heating  pads  or  electric 
call  bells  should  not  be  permitted  within  oxygen  tents. 
Visitors  should  be  warned  by  word  of  mouth  to  observe 
the  regulations,  as  soine  do  not  know  English  or  do  not 
read  the  instructions. 

Nasal  Administration  of  Oxygen 

Nasal  Catheters.  There  are  several  effective  methods 
of  administering  oxygen  through  the  nose:  by  means  of  a 
nasal  catheter  either  in  the  nasopharynx  or  in  the  orophar- 
ynx, or  by  the  use  of  double-bent  nasal  tubes  which  just 
enter  the  nostrils.  The  oxygen  is  first  passed  through  ap- 
proximately 3  inches  (7.6  cm)  of  water  to  prevent  drying 
of  the  mucous  membrane.  A  lubricated  nasal  catheter,  no. 
10  or  12  French,  is  inserted  into  the  nostril  for  a  distance 
of  approximately  3  inches,  that  is,  up  to  but  not  touching 
the  posterior  wall  of  the  nasopharynx.  Six  liters  of  oxygen 
a  minute  generally  provide  38  per  cent  oxygen  in  the  in- 
spired air.  A  single  catheter  may  be  used  in  one  nostril  at 
a  time  if  irritation  should  occur.  The  terminal  1  inch  (2.5 
cm.)  of  the  catheter  should  be  perforated  with  four  small 
holes  in  order  to  prevent  a  single  stream  of  oxygen  from 
impinging  on  one  localized  area  of  the  mucous  membrane. 
If  the  catheter  is  passed  down  into  the  oropharynx  op- 
posite the  glottis,  a  concentration  of  42  per  cent  oxygen  in 
the  inspired  air  may  he  obtained  at  a  flow  of  6  liters  per 
minule.  When  Ihe  catheter  is  used  in  the  oropharynx,  it  is 
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Fig.  6.  The  injector  of  the  meter  mask  is  attached  to  the  outlet  of  a  standard  flow  gage  by  means  of  a 
standard  nut  {A).  As  oxygen  enters  the  mixing  chamber  (D)  through  the  restricted  ohfice  (C)  a  negative 
pressure  is  set  up  in  the  rear  of  the  mixture  chamber.  A  disl<  (£)  containing  different-sized  openings,  each 
labeled  with  a  percentage  number,  covers  the  rear  opening  of  the  mixing  chamber.  By  revolving  this  disk 
so  that  any  one  of  its  openings  is  set  above  the  rear  opening  of  the  mixing  chamber  the  quantity  of  air 
entering  the  air  injector  is  vahed  and  the  percentage  of  oxygen  leaving  the  mixer  outlet  (F)  is  thus 
regulated. 


Fig.  7.  Nasal  catheter:  A.  catheter  in  nasal  pharynx;  6,  catheter  in 
oral  pharynx. 

important  to  remember  that  oxygen  may  pass  into  the  stom- 
ach and  distend  the  abdomen  if  the  catheter  is  placed  lower 
than  the  uvula.  With  the  catheter  in  the  pharyngeal  posi- 
tion, 7  liters  of  oxygen  per  minute  may  provide  concen- 
trations of  45  to  50  per  cent  oxygen  if  no  sensation  of 
discomfort  is  produced.  When  a  patient,  after  insertion  of  the 
catheter  in  the  oropharynx,  swallows  a  bolus  of  air,  the  in- 


ference is  that  the  catheter  has  been  inserted  too  far;  it  should 
be  withdrawn  until  the  patient  no  longer  swallows  air. 

In  the  use  of  the  nasal  catheter  the  instrument  is  gener- 
ally placed  in  the  nasopharynx,  as  this  position  is  less 
complicated  and  safer  than  the  oropharynx  behind  the  uvula. 
Placement  in  the  latter  position  admittedly  results  in  a 
concentration  of  oxygen  in  the  inspired  air  approximately 
4  per  cent  higher  than  is  the  case  with  the  nasal  placement, 
but  caution  must  be  exercised  constantly  lest  the  catheter 
become  lodged  lower  than  the  uvula;  otherwise  the  stom- 
ach may  become  distended  with  gas.  Furthermore,  the  ad- 
ministration of  6  to  7  liters  per  minute  will  maintain  a 
concentration  of  at  least  38  to  40  per  cent  oxygen  in  the 
average  adult  patient  when  the  catheter  is  placed  in  the 
nasal  pharynx.  Mouth  breathing  lowers  to  some  extent 
the  oxygen  percentage  in  the  air  inhaled,  but  this  is  not 
significant  if  breathing  takes  place  through  both  nose  and 
mouth. 

The  catheter  should  be  lubricated  with  water  soluble 
jelly  and  not  with  liquid  petrolatum  or  petrolatum,  since 
these  are  not  absorbed  by  the  lungs  and  may  conceivably 
cause  areas  of  lipoid  pneumonitis  if  blown  into  the  alveoli. 
It  is  probable  that  oil  particles  formed  in  this  way  are  so 
large  that  they  would  not  reach  the  alveoli,  but  this  pre- 
caution is  recominended.  Furthermore,  the  catheter  should 
be  changed  at  six  hour  intervals  to  prevent  the  catheter 
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Fig.  8.  Bent  nasal  tubes,  metal  or  rubber. 

from  adhering  to  the  side  of  the  nasal  passage  after  the 
lubrication  is  absorbed. 

Double-Bent  Nasal  Tubes.  The  double-bent  nasal 
tubes  of  rubber,  more  comfortable  for  most  patients  than 
the  double  metal  nasal  cannula,  are  serviceable  in  patients 
who  do  not  tolerate  the  nasal  catheter  in  the  nasopharynx 
or  the  oropharynx.  A  flow  of  7  liters  per  minute  generally 
results  in  a  concentration  of  38  to  40  per  cent  oxygen. 

Masks.  Oxygen  masks  are  especially  suitable  for  the 
intermittent  administration  of  high  concentrations  of  oxy- 
gen, from  50  to  100  per  cent,  and  for  helium-oxygen  mix- 
tures. The  nasal  catheter  is  generally  more  comfortable  for 
long  continued  use  and  is  just  as  effective  as  the  oxygen 
mask  when  concentrations  between  35  and  45  per  cent  are 
prescribed.  Tents  with  transparent  canopies  and  air-condi- 
tioning cabinets  are  generally  more  comfortable  for  the  ad- 
ministration of  concentrations  between  50  and  60  per  cent. 
Within  recent  years  it  has  become  apparent  that  pure 
oxygen  may  be  irritating  to  human  pulmonary  epilhelum 
[.v/(i  when  administered  by  a  mask  continuously  for  an 
enlire  day  and  irritating  to  a  slighl  extent  in  twelve  hours. 


Fig.  9.  B-L-B  masks  with  rebreathing  bags. 


The  fact  that  the  mask  is  removed  from  time  to  time  for 
various  reasons  may  be  responsible  for  the  reported  toler- 
ance of  100  per  cent  oxygen.  Warnings  regarding  the  dan- 
ger of  pulmonary  edema  from  inhalation  of  these  high 
oxygen  concentrations  are  also  based  on  experiments  on 
animals  and  human  beings  kept  in  airtight  chambers  con- 
tinuously. Clinical  and  experimental  evidence  has  recently 
indicated  that  concentrations  of  oxygen  between  50  and  70 
per  cent  have  been  used  for  long  periods  without  damage 
to  the  lungs:  on  the  basis  of  this  evidence,  a  large  increase 
in  physically  dissolved  oxygen,  provided  by  70  per  cent 
oxygen,  may  be  used  with  great  benefit  in  such  conditions 
as  shock,  severe  hemorrhage,  widespread  pneumonia  and 
imminent  cardiac  failure. 

There  are  two  masks  available,  the  B-L-B '  and  the  Metei"* 
mask.  The  B-L-B  mask  consists  of  a  close-fitting  rubber 
piece  10  cover  the  nose  or  the  no.se  and  mouth;  from  it  is 
suspended  a  small  bag  in  which  a  variable  amount  of 
rebreathing  takes  place.  Two  sponge  rubber  disks  placed 


'  TIk'  B-L-B  mask  is  named  for  its  designers  Rnolhhy.  Lovelace,  and 

Biilhulian, 

^  Desiiined  li\  AL  Baraeh  and  M  Hekniann. 
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Fig.  1 0.  B-L-B  masks  with  sponge  rubber  valve  (indicated  by  arrow). 

in  the  center  of  the  ma.sk  serve  as  a  combination  inspira- 
tory and  expiratory  valve.  During  inspiration  the  resistance 
in  the  sponge  rubber  prevents  a  free  flow  of  air  into  the 
mask.  When  the  rebreathing  bag  is  emptied,  air  is  drawn 
through  the  sponge  disk.  During  expiration,  the  rebreath- 
ing bag  is  first  filled  with  the  exhaled  air.  and  the  remain- 
der passes  through  the  sponge  rubber  disk  into  the  outer 
atmosphere. 

During  increased  ventilation,  as  in  severe  dyspnea,  the 
resistance  imposed  by  breathing  through  the  sponge  rub- 
ber is  materially  enhanced.  This  is  especially  significant 
during  the  inspiratory  cycle  when  flows  of  oxygen  under  5 
liters  a  minute  are  used;  in  some  cases  negative  pressures 
within  the  mask  have  been  recorded  in  excess  of  2  cm.  of 
water.  It  must  also  be  pointed  out  that  a  rate  of  flow  as  low 
as  3  to  4  liters  a  minute  will  be  accompanied  with  suffi- 
cient rebreathing  to  produce  a  carbon  dioxide  content  of  2 
per  cent  or  higher  in  the  inspired  air;  this  high  percentage 
of  carbon  dioxide  aggravates  the  dyspnea  of  the  patient  by 
increasing  the  volume  of  breathing  about  40  per  cent.  With 
the  B-L-B  mask  it  is  therefore  desirable  to  use  a  high  tlow 


Fig.  11.  Meter  nnask  with  collecting  bag,  without  rebreathing.  and 
expiratory  pressure  regulating  disk. 


of  oxygen,  from  7  to  10  liters  per  minute,  in  order  to 
eliminate  inspiratory  resistance  and  the  increased  carbon 
dioxide  concentration  in  the  inspired  air.  For  this  reason  it 
is  impossible  to  give  low  oxygen  concentrations  with  this 
mask  without  causing  excessive  rebreathing  of  carbon 
dioxide  and  resistance  due  to  the  sucking  of  air  through  the 
sponge  rubber  disks. '^ 

In  the  Meter  mask  a  delicate  inspiratory  valve  is  placed 
between  the  mask  and  a  large,  light  latex  bag  in  which  no 
rebreathing  takes  place;  it  simply  serves  as  a  collecting 
bag  for  oxygen.  A  light  rubber  flutter  expiratory  valve  is 
placed  in  front  of  the  mask  for  exit  of  the  exhaled  air.  This 
mask  operates  with  minimal  resistance  whether  oxygen 
tlow  is  high  or  low,  provided  the  reservoir  bag  is  not 
allowed  to  collapse  completely.  An  injector  is  attached  to 
the  regulator,  which  makes  possible  the  administration  of 
oxygen  concentrations  of  40  to  100  per  cent.  By  the  use  of 
apertures  of  different  sizes  in  the  injector,  varying  amounts 
of  atmospheric  air  are  sucked  into  the  meter  because  of  the 
negative  pressure  created  by  the  stream  of  oxygen  passing 
through  it.  Calibration  of  these  orifices  makes  it  possible 


'  It  is  regrettable  that  the  advertising  literature  on  the  B-L-B  apparatus 
continues  to  list  oxygen  flows  of  3  to  4  liters  per  minute. 
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Fig.  12.  Meter  mask:  A,  expiratory  valve,  flutter  type;  6,  inspiratory 
valve,  disk  type. 


to  provide  the  de.sired  oxygen  concentration  immediately 
with  an  error  of  not  more  than  ±  3  per  cent.  If  low  rates 
of  flow  of  oxygen  and  the  exclusion  of  carbon  dioxide 
from  the  inspired  air  are  desired,  the  meter  mask  is  the 
most  suitable.  Its  use  is  also  indicated  in  patients  with 
obstructive  dyspnea,  because  in  these  patients  minimal 
inspiratory  resistance  is  desirable.  The  rate  at  which  oxy- 
gen flows  from  the  regulator  may  be  varied  from  4  to  15 
liters  per  minute,  depending  on  the  concentration  desired 
and  the  volume  of  flow  required  to  prevent  the  collecting 
bag  from  collapsing.  The  employment  of  less  than  4  liters 
a  minute  is  seldom  indicated  except  for  young  children,  for 
whom  lower  rates  of  flow  may  be  adequate. 

Although  the  masks  are  comfortable  for  some  patients, 
it  must  be  recognized  that  their  continuous  use  becomes 
objectionable  to  many  others.  When  discomfort  prevents 
the  continuous  administration  of  oxygen  by  mask,  a  shift 
should  be  made  to  the  oxygen  tent,  when  feasible,  or  to 
nasal  catheters,  a  hood  or  a  face  tent. 

After  use,  the  mask  should  be  scrubbed  thoroughly  with 
soap  and  water  and  should  be  immersed  or  washed  in  a  70 
per  cent  solution  of  alcohol. 

Pressure  Breathing.  Pressure  breathing  apparatus  is 
of  three  general  types: 

1.  Expiratory  positive  pressure  breathing  devices.  These 
are  simple  appliances  in  which  the  patient  exhales  against 
a  resistance,  increasing  the  intrapulmonary  pressure  during 
expiration. 

2.  Continuous  positive  pressure  breathing  equipmenl. 
These  types  of  apparatus  provide  continuous  positive  pres- 
sure in  both  inspiration  and  expiration. 


In  both  these  types  the  How  of  air  is  continuous,  and  the 
patient  breathes  spontaneously, 

3.  Apparatus  for  artificial  respiration.  The  simplest  and 
most  useful  of  these  devices  are  those  designed  for  inter- 
mittent positive  pressure  breathing,  in  which  air  or  oxygen 
enters  the  lungs  under  positive  pressure  in  inspiration;  pres- 
sure is  then  automatically  released,  and  expiration  occurs 
as  a  passive  act.  .Such  apparatus  is  used  in  patients  with 
depressed  or  failing  respiration,  as  in  coma  or  poisoning. 
Other  apparatus  for  artificial  respiration,  of  the  "suck  and 
blow"  type,  is  also  available. 

The  Oxygen  Mask  Metered  for  Positive  Pressure. 

The  Meter  mask  may  be  equipped  with  a  metal  disk  which 
surrounds  the  expiratory  flutter  valve  and  contains  on  its 
external  surface  five  orifices  of  different  diameters.  When 
the  largest  orifice  is  employed,  expiration  proceeds  natu- 
rally without  pressure.  When  the  disk  is  turned  to  the 
smaller  orifices,  the  patient  exhales  under  a  positive  pres- 
sure of  I,  2.  3,  or  4  cm.  of  water,  depending  on  the  size  of 
the  orifice  and  the  volume  of  breathing.  More  accurate 
control  of  pressure  is  obtained  when  expiration  is  con- 
ducted through  a  water  bottle  calibrated  in  centimeters  of 
water. 

The  use  of  positive  pressure  during  expiration  is  spe- 
cifically indicated  for  the  treatment  of  acute  pulmonary 
edema  occurring  in  various  conditions,  such  as  pneumo- 
nia, left  ventricular  failure,  some  cases  of  shock  and  irri- 
tant gas  poisoning.  In  oxygen  therapy  for  patients  with 
pulmonary  edema  it  is  customary  to  begin  with  pressure  of 
5  cm,  of  water  and  gradually  lower  it  to  2  and  then  1  cm. 
From  40  to  60  per  cent  oxygen  is  employed.  The  injector 
attached  to  the  regulator  is  turned  to  the  oxygen  percent- 
age desired,  and  the  flow  from  the  regulator  is  adjusted  at 
that  rate:  this  anangement  prevents  the  collecting  bag  from 
collapsing  at  the  end  of  inspiration.  It  is  desirable  to  have 
the  injector  one  third  full  of  water  so  that  the  stream  of 
oxygen  may  pick  up  moisture  as  it  passes  into  the  mask. 
Distensible  rubber  bags  which  will  provide  some  positive 
pressure  in  inspiration  also  are  now  being  developed. 

The  relative  humidity  of  pure  oxygen  passing  at  a  flow 
of  8  to  10  liters  a  minute  through  the  injector  partially 
filled  with  water  is  approximately  20  per  cent  at  70  F.  The 
inspired  oxygen  is  additionally  moistened  by  the  inner 
surfaces  of  the  mask,  which  are  wet  with  the  saturated 
water  vapor  resulting  from  expiration,  so  that  the  ultimate 
relative  humidity  of  the  inspired  oxygen  is  approximately 
45  per  cent.  If  a  still  higher  relative  humidity  is  desired 
during  inhalation  of  100  per  cent  oxygen,  the  injector  is 
removed  and  a  water  bottle  attached  to  the  regulator,  so 
that  the  stream  of  oxygen  will  pass  upward  through  at  least 
3  inches  of  water  before  entering  the  mask.  However,  air 
is  usually  employed  in  concentrations  of  30  to  40  per  cent. 
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which  cuiitiihules  the  moisture  prevaiHiig  in  the  aliiu)- 
sphere. 

Positive  pressure  is  employed  also  to  prevent  or  control 
the  oozing  that  takes  place  from  the  tracheobronchial  tree 
following  tracheotomy.  When  this  is  used,  the  tracheot- 
omy tube  is  prolonged  so  that  expiration  proceeds  through 
an  expiratory  valve  into  a  water  bottle  at  pressures  which 
generally  begin  at  4  to  5  cm.  of  water  and  are  gradually 
lowered  during  a  period  of  twelve  hours  to  1  to  2  cm.  of 
water. 

Positive  pressure  respiration  should  be  administered  cau- 
tiously in  shock,  in  which  the  venous  return  to  the  heart  is 
retarded,  but  increased  intrapulmonary  pressure  of  2  to  4 
cm.  of  water  may  be  considered  safe  if  plasma  or  blood  is 
given  concomitantly:  When  peripheral  circulatory  failure 
is  suspected,  the  blood  pressure  should  be  followed  at 
fifteen  minute  intervals  and  the  intrapulmonary  pressure 
reduced  or  discontinued  if  a  fall  greater  than  10  mm.  of 
mercury  takes  place  in  the  systolic  pressure  after  the  ap- 
plication of  breathing  under  positive  pressure. 

Continuous  Pressure  Breathing.  Pressure  breathing 
in  inspiration  and  expiration  is  used  for  the  treatment  of 
asthma,  for  obstructive  lesions  in  the  larynx  and  trachea 
and  for  pulmonary  congestion  and  edema.  An  effective 
device  for  pressure  breathing  in  inspiration  and  expiration 
inakes  use  of  weights  on  two  rubber  bags  into  which  40  to 
50  per  cent  oxygen  is  admitted  from  an  injector:  or,  if 
desired,  helium-oxygen  mixtures  may  be  used.  A  mask  is 
employed  in  this  apparatus,  which  is  simpler  although  less 
comfortable  for  prolonged  use  than  the  positive  pressure 
hood  formerly  employed. 

Inspiratory  pressure  may  be  built  up  swiftly  by  setting  a 
specially  constructed  injector  meter  at  a  concentration  of 
40  per  cent  oxygen.  This  injector  actually  delivers  38  per 
cent  oxygen,  at  a  flow  of  15  liters  per  minute,  with  a  total 
gas  flow  of  65  liters  per  minute  of  air  plus  oxygen.  With 
lower  rates  of  flow,  the  building  up  of  inspiratory  positive 
pressure  is  less  rapid. 

Although  pressures  of  4  to  6  cm.  of  water  are  generally 
used  for  the  treatment  of  obstructive  dyspnea  and  pulmo- 
nary edema,  higher  pressures  have  been  employed  for  brief 
periods  in  severe  obstructive  dyspnea  and  for  resuscita- 
tion. When  higher  pressures  are  used,  the  effect  on  circu- 
lation is  more  pronounced  and  may  lead  to  a  decrease  in 
cardiac  output,  especially  in  patients  with  impaired  circu- 
lation. In  shock,  positive  pressure,  when  employed,  should 
be  used  with  the  precautions  that  have  been  mentioned. 

In  obstructive  dyspnea  the  greatest  degree  of  relief  is 
secured  if  an  80  per  cent  helium-20  per  cent  oxygen  mix- 
ture is  employed  with  pressure  breathing.  The  injector  is 
then  not  used,  but  a  continuous  flow  of  7  to  9  liters  per 
minute  of  the  helium-oxygen  mixture  is  provided. 


The  pressure  breathing  device  described  herein  is  also 
equipped  with  an  emergency  inspiratory  valve,  placed  on 
the  inspiratory  side  of  the  rubber  tubing.  Air  may  be  in- 
troduced at  any  time  through  this  valve,  if  the  inspiratory 
collecting  bag  should  for  any  reason  collapse  through  the 
development  of  a  leak.  The  patient  is  thus  protected  against 
breathing  under  a  negative  pressure. 

Artificial  Respiration.  In  respiratory  failure,  with  de- 
pressed or  inadequate  respiratory  stimulus,  artificial  res- 
piration may  be  required.  Such  conditions  include;  poison- 
ing with  barbiturates,  morphine,  carbon  monoxide  and  some 
of  the  more  toxic  alcohols;  drowning,  certain  types  of 
coma,  poliomyelitis  with  respiratory  paralysis  and  electro- 
cution. 

In  any  form  of  artificial  respiration,  with  unconscious  or 
stuporous  subjects,  special  attention  must  always  be  given 
to  clearing  the  airways.  Mucous  and  foreign  matter  must 
be  removed  by  suction  or  other  means,  the  tongue  kept 
well  forward  and  the  position  of  head  and  neck  maintained 
in  extension,  with  the  chin  somewhat  elevated.  In  the  pres- 
ence of  bronchospasm  or  respiratory  tract  edema,  inhala- 
tion of  bronchodilator  drugs  in  the  course  of  the  artificial 
respiration  may  be  useful.  The  even  expansion  of  the  chest 
during  inspiration  should  be  maintained  at  all  times. 

Manual  methods  of  artificial  respiration,  such  as  the 
prone  pressure  (Schaefer).  technic.  do  not  provide  ade- 
quate ventilation  and  are  difficult  or  impossible  to  use  for 
prolonged  periods. '"  The  Eve  rocking  procedure  is  more 
effective  but  again  difficult  to  apply  in  most  clinical  situ- 
ations. An  anesthesia  bag  and  mask  can  be  used  for  short 
periods,  the  operator  compressing  the  oxygen-filled  bag  by 
hand  to  provide  inspired  air,  and  allowing  expiration  to 
occur  passively.  In  this  procedure  there  is  usually  enough 
leakage  around  the  mask  and  enough  flushing  out  of  the 
bag  with  oxygen  to  prevent  accumulation  of  carbon  diox- 
ide in  the  bag  to  any  serious  extent. 

Special  hand-operated  intermittent  positive  pressure  res- 
pirators are  available.  In  these,  air  is  forced  into  the  chest 
by  a  hand  bellows  until  a  certain  maximum  pressure  is 
reached  (usually  10  to  15  mm.  of  mercury);  then  a  valve  is 
tripped,  and  the  patient  exhales  passively  into  the  outside 
air.  The  bellows  is  filled  again  from  the  air  or  from  an 
oxygen  tank,  and  the  process  is  repeated.  These  forms  of 
apparatus  are  useful  for  short  periods. 

For  continued  artificial  respiration  some  type  of  auto- 
matic respirator  is  necessary.  One  of  the  practical  difficul- 
ties with  all  such  apparatus  is  to  provide  a  tight-fitting 
mouthpiece  or  mask.  Face  masks  with  cushion  rubber  or 
inflatable  rubber  sides  are  the  most  widely  used,  but  these 


"An  effective  melhod  (JH  Emerson)  consists  of  raising  and  lowering  the 
patient's  hips  while  he  is  in  the  prone  position. 


Respiratory  Care  •  September  '98  Vol  43  No  9 


739 


Standards  of  Effective  Administration  of  Inhalation  Therapy  (1950) 


Hose  "E" 


open  to  atmosphere 
1     /  r 


"    Diaphragm 

■    Mechanism  Chamber 


Hose  "I"  -  supplies  oxygen  to  patient 


,,  Valve  "B"  -  open 


oxygen  - 
'continuous 
•  flow  from 

cylinder 


■"---  Valve  "C"  -  closed 


Venturi 


Fig.  13.  Emerson  resuscitator,  inhalation  phase.  Hose  "I"  carries  only  pure  oxygen  from  the  oxygen  cylinder  to 
the  patient  and  never  carries  exhaled  gases.  This  feature  is  covered  by  U.  S.  patent  no.  2,268,172  and  Canadian 
patent  no.  405,705. 


must  be  .strapped  on  tightly  and  con.stantly  watched  for 
displacement  and  leaks.  In  profound  respiratory  depres- 
sion requiring  hours  or  even  days  of  continuous  artificial 
respiration,  intratracheal  intubation  by  an  anesthesiologist 
may  be  at  times  the  best  procedure. 

The  simplest  artificial  respirators  are  the  intermittent 
positive  pressure  types.  The  essential  features  are  an  ox- 
ygen tank,  a  demand  valve  and  a  second,  or  cycling,  valve. 
Air  flows  into  the  mask  until  a  certain  pressure  is  reached: 
then  the  inflow  is  shut  off  and  expiration  proceeds  until  the 
pressure  in  the  mask  is  reduced  to  a  certain  low  pressure 
(usually  zero):  then  the  cycling  valve  opens,  oxygen  flows 
from  the  demand  valve  and  inspiration  begins  again.  The 
pneumatic  balance  resuscitator  is  an  effective  form  of  this 
cycling  apparatus,  as  are  some  of  the  other  resuscitators.  It 
should  be  emphasized  that  this  apparatus  will  cycle  also 
with  the  patient's  own  respiration,  following  recovery  of 
his  spontaneous  inspiration  and  expiration:  its  operation 
thus  differs  from  that  of  the  Drinker  type  respirator,  with 
which  respiration  is  imposed. 

Since  intermittent  positive  pressure  respiration  provides 
a  mean  positive  pressure  over  the  respiratory  cycle,  it  may 
be  effective  in  reducing  or  preventing  pulmonary  edema  in 
unconscious  subjects.  An  intermittent  positive  pressure  sys- 
tem has  been  used  for  as  long  as  three  days  continuously. 


in  a  case  of  barbiturate  poisoning,  with  maintenance  of 
cardiopulmonary  function.  At  the  cycling  pressures  pro- 
vided by  this  apparatus,  there  is  in  most  cases  no  signifi- 
cant retarding  effect  on  the  venous  return  of  blood  to  the 
heart. 

The  positive  and  negative  pressure  (suck  and  blow)  res- 
pirators are  also  effective  and  safe  to  use  with  unconscious 
subjects.  There  is  no  convincing  evidence  that  these  forms 
of  apparatus  have  deleterious  effects  either  on  the  lungs  or 
on  the  circulation.  In  fact,  the  mean  average  pressure, 
which  is  near  zero,  actually  produces  less  impairment  of 
venous  return  in  patients  with  circulatory  insufficiency.  It 
should  be  noted  that  a  rapid  tripping  indicates  that  oxygen 
is  not  reaching  the  alveoli  because  of  some  obstruction  and 
that  a  slow  tripping  with  coincident  chest  expansion  indi- 
cates a  good  gaseous  exchange.  Slow  tripping  without 
adequate  chest  expansion  may  be  due  to  a  slow  leak,  usu- 
ally at  the  point  of  application. 

Some  use  has  been  made  of  respirators,  especially  the 
intermittent  positive  pressure  types,  on  conscious  subjects. 
In  some  instances,  as  when  respiratory  muscular  exhaus- 
tion is  severe  or  when  pulmonary  edema  is  present  with 
relatively  little  dyspnea,  the  intermittent  positive  pressure 
respirator  has  been  helpful  in  relieving  symptoms.  Gener- 
ally, however,  conscious  subjects  in  need  of  respiratory 
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Hose  "E"  -  exhalation  from  the  patient 


oxygen  - 
continuous 
flow  from 
cylinder 


to  atmosphere 

Fig.  14.  Emerson  resuscitator,  exhalation  phase. 


aid  are  also  dyspneic,  requiring  quick  inhalation  of  air 
during  the  early  phase  of  inspiration.  Since  most  respira- 
tors cannot  provide  a  rapid  immediate  volume  of  inflow, 
the  patient  inhales  against  a  resistance  in  early  inspiration 
with  a  sensation  of  increased  dyspnea  or  suffocation.  In- 
termittent positive  pressure  respirators  have  been  devised 
with  an  inflow  capacity  of  extremely  large  volume  (100 
liters  per  minute)  during  early  inspiration,  but  these  are  not 
commercially  available  at  present. 

The  Pressure  Equalizing  Chamber.  The  pressure 
equalizing  chamber  provides  an  adequate  exchange  of  gases 
within  the  lung  by  a  swift  variation  in  air  density,  accom- 
plished by  a  change  in  pressure  within  the  chamber  of  120 
mm.  of  mercury  twenty-five  times  a  minute.  As  air  is  first 
admitted  into  the  head  end  of  the  chamber  and  then  passes 
beneath  a  collar  that  surrounds  the  patient's  neck,  the  pres- 
sure exerted  on  the  outer  surface  of  the  wall  of  the  chest  is 
reduced  to  a  degree  that  equals  exactly  the  resistance  in  the 
respiratory  passageway.  Ventilation  of  the  lung  then  pro- 
ceeds without  any  change  in  lung  volume. 

This  chamber  has  been  used  to  immobilize  the  lungs  in 
the  treatment  of  chronic  pulmonary  tuberculosis:  in  recent 
studies  it  has  been  found  that  patients  with  obstructive 


dyspnea,  such  as  those  with  intractable  bronchial  asthma 
and  pulmonary  emphysema,  are  promptly  relieved  of  dys- 
pnea during  residence  in  the  chamber.  A  varying  higher 
pressure  in  the  head  end  of  the  apparatus  is  required  to 
overcome  the  increased  resistance  in  the  bronchial  tubes. 
Additional  pressure,  greater  than  that  required  to  over- 
come bronchial  resistance,  accomplishes  pressure  breath- 
ing at  the  start  of  inspiration.  The  patient  may  breathe 
without  difficulty  in  a  chamber  of  this  type,  since  the 
differential  pressure  between  the  head  and  body  ends  of 
the  chamber  is  generally  not  more  than  3  or  4  mm.  of  mer- 
CU17.  Artificial  respiration  may  therefore  be  conducted  in  an 
apparatus  of  this  sort  with  or  without  positive  pressure. 

The  Respirator.  It  should  be  recognized  that  mainte- 
nance of  artificial  respiration  in  a  respirator  is,  in  effect, 
achieved  by  positive  pressure  breathing.  A  negative  pres- 
sure within  the  respirator  of  12  mm.  of  mercury,  which 
causes  the  lungs  to  expand,  is  equivalent  to  an  increase  in 
positive  pressure  on  the  face  of  12  mm.  of  mercury.  Since 
the  pressure  falls  to  that  of  the  atmosphere  in  each  in- 
stance, a  mean  average  pressure,  depending  on  the  pres- 
sure curve,  of  6  mm.  of  mercury  is  generally  present.  In 
other  words,  respiration  conducted  by  the  respirator,  al- 
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AIR  enters  chamber  AND 

LUNGS  WITHOUT  CHEST  MOVEMENT 


PUMP  FOR  POSITIVE  & 
NEGATIVE  PRESSURE 


Fig.  15.  Pressure  equalizing  chamber  provides  lung  ventilation  without  lung  move- 
ment when  pressures  on  outer  and  inner  surfaces  of  chest  wall  are  made  equal  by 
counterbalancing  the  resistance  in  the  respiratory  passageway. 


though  it  is  induced  by  intermittent  negative  pressure  within 
the  chamber,  is  a  form  of  intermittent  pressure  breathing  in 
which  inspiration  is  accomphshed  by  a  rise  in  pressure  of 
12  mm.  of  mercury  and  expiration  by  return  of  pressure  to 
that  of  the  atmosphere. 

In  most  forms  of  intermittent  pressure  breathing  hyper- 
ventilation is  apt  to  take  place.  An  increase  in  oxygen 
saturation  resulting  from  loss  of  carbon  dioxide  does  not 
contribute  to  the  overcoming  of  anoxia,  since  a  loss  in  the 
pressure  of  carbon  dioxide  in  the  tissues  is  in  most  in- 
stances approximately  equivalent  to  a  loss  of  oxygen  pres- 
sure. With  slight  increases  in  pulmonary  ventilation,  the 
oxygen  tension  gained  in  this  way  may  not  be  offset  by  the 
mild  alkalosis  engendered.  In  the  administration  of  inter- 
mittent positive  pressure,  therefore,  precautions  should  be 
observed  to  prevent  excessive  loss  of  carbon  dioxide  by 
overbreathing.  In  contrast,  the  use  of  continuous  pressure 
breathing  is  not  accompanied  with  hyperventilation.  The 


effect  of  the  pressure  used  in  continuous  pressure  breath- 
ing appears  to  be  equivalent  to  the  mean  pressure  of  in- 
temiittent  pressure  breathings.  For  purposes  of  resuscitation, 
intemiittent  pressure  breathing  of  some  fomi  is  naturally  in- 
dicated, and  not  continuous  pressure  respiration. 

Administration  of  Helium-Oxygen  IVIixtures 

A  mixture  of  80  per  cent  helium  with  20  per  cent  oxy- 
gen, which  is  employed  in  the  treatment  of  asthma,  ob- 
structive lesions  in  the  respiratory  tract  and  pulmonary 
atelectasis  in  the  newborn  may  be  administered  in  the 
positive  pressure  hood  apparatus  already  described,  but 
this  requires  skilled  technical  service  and  is  generally  too 
cumbersome  for  ordinary  u.se.  The  usual  method  of  ad- 
ministering helium  and  oxygen  is  by  the  employment  of  a 
comfortable  mask  without  rebreathing.  Since  inhalation  of 
the  holiiMii-oxyszen  mixture  is  designed  to  relieve  obstruc- 
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Fig.  16.  Artificial  respirator.  At  the  end  of  exhalation  {A)  the  pressure  both  at  the  upper 
airway  and  surrounding  the  body  is  760  mm  of  mercury.  Therefore  no  gradient  exists 
between  the  pressure  around  the  body  and  that  at  the  nose  and  mouth.  When  a  partial 
vacuum  is  created  in  the  respirator  (B)  the  pressure  surrounding  the  body  is  748  mm  of 
mercury  and  the  pressure  inside  the  patient's  lungs  is  760  mm  of  mercury,  greater  than 
the  pressure  surrounding  his  thorax.  The  effect  of  this  gradient  is  to  cause  inhalation  as 
the  thoracic  cage  is  pushed  out  by  pressure  from  within. 


tive  dyspnea,  the  slightest  accumulation  of  carbon  dioxide 
is  a  pronounced  disadvantage,  because  an  increase  in  the 
volume  of  breathing  will  correspondingly  increase  the  ef- 
fect of  obstruction.  Thus,  if  a  patient  is  breathing  at  a 
pulmonary  ventilation  of  8  liters  per  minute,  with  a  certain 
degree  of  respiratory  obstruction,  and  the  volume  of  breath- 
ing rises  to  12  liters  a  minute  as  a  result  of  the  presence  of 
2.5  per  cent  carbon  dioxide  in  the  atmosphere,  the  patho- 
logic effects  of  obstructive  dyspnea  are  also  increased  50 
per  cent.  It  is  therefore  desirable  to  use  the  meter  mask, 
with  the  valve  above  the  collecting  bag,  which  prevents 
any  rebreathing  in  the  rubber  bag.  In  most  cases  the  mask 
may  be  used  at  atmospheric  pressure  with  a  flow  of  7  to  8 
liters  as  indicated  on  the  ordinary  oxygen  regulator.  It 
must  be  remembered  that  the  flow  indicated  on  the  regu- 
lator should  be  multiplied  by  1.7  in  order  to  get  the  true 
flow  of  helium-oxygen  mixture.  In  other  words,  the  re- 
stricted orifice  of  the  regulator  is  itself  a  demonstration  of 
the  higher  rate  of  flow  at  a  given  pressure  of  a  mixture  of 
80  per  cent  helium  and  20  per  cent  oxygen. 


More  effective  relief  of  obstructive  dyspnea  is  provided 
by  inhalation  of  helium-oxygen  mixture  under  positive 
pressure  during  both  inspiration  and  expiration;  this  relief 
may  also  be  obtained  by  the  device  previously  described 
that  produces  pressure  as  a  result  of  a  weight  on  both  the 
inspiratory  and  expiratory  collecting  bags.  The  periodic 
inhalation  of  helium  and  oxygen  under  continuous  pres- 
sure of  3  to  6  cm.  of  water  is  employed  for  the  treatment 
of  asthma,  obstructive  lesions  in  the  respiratory  tract  and 
pulmonary  edema.  In  the  treatment  of  pulmonary  edema  it 
is  desirable  to  reduce  the  pressure  gradually,  for  example, 
about  1  cm.  of  water  pressure  at  hourly  intervals  until  the 
patient  is  breathing  at  atmospheric  pressure. 

Administration  of  5  to  10  Per  Cent  Carbon 
Dioxide  in  Oxygen 

The  administration  of  5  to  10  per  cent  carbon  dioxide  in 
oxygen  is  useful  in  carbon  monoxide  poisoning.  Carbon 
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dioxide-oxygen  inhalation  has  also  been  employed  in  mas- 
sive collapse  of  the  lungs,  in  order  to  stretch  the  bronchi 
and  perhaps  loosen  a  tenacious  plug  of  mucus,  and  for 
short  periods  after  operations  to  expand  the  lungs  and 
bronchi,  but  the  evidence  in  favor  of  its  value  in  the  pre- 
vention and  treatment  of  atelectasis  has  been  questioned 
by  many  investigators.  These  carbon  dioxide-oxygen  mix- 
tures should  not.  however,  be  left  in  a  lung  in  or  near  the 
atelectatic  state,  since  all  these  gases  may  be  quickly  ab- 
sorbed and  atelectasis  thus  rendered  complete.  In  other 
words,  atmospheric  air  (containing  79  per  cent  nitrogen) 
must  be  vigorously  inhaled  at  the  end  of  any  treatment,  in 
order  to  fill  the  alveoli  with  nonabsorbable  nitrogen. 

Carbon  dioxide  in  oxygen  is  particularly  useful  in  in- 
tractable hiccup.  For  this  purpose  a  tank  of  90  per  cent 
oxygen  and  10  per  cent  carbon  dioxide  may  be  employed 
with  either  a  B-L-B  or  a  meter  mask  for  periods  of  two  or 
three  minutes  or  until  the  patient  just  loses  consciousness. 
In  some  ca.ses  15  per  cent  carbon  dioxide  for  one  and 
one- half  to  a  maximum  of  two  minutes  produces  better 
results.  It  must  be  borne  in  mind  that  prolonged  adminis- 
tration of  carbon  dioxide  will  bring  about  toxic  symptoms, 
such  as  headache,  nausea,  and  (when  concentrations  above 
15  per  cent  are  employed  too  long)  convulsions.  It  should 
also  be  noted  that  carbon  dioxide  is  a  powerful  cardiac 
whip;  it  produces  hypertension  and  excessive  diaphoresis 
due  to  its  action  as  a  central  vasoconstrictor  and  a  periph- 
eral vasodilator. 

Many  cases  of  intractable  hiccup  that  are  resistant  to  5 
per  cent  carbon  dioxide  inhalation  may  be  successfully 
treated  with  concentrations  of  10  to  15  per  cent  carbon 
dioxide  when  employed  up  to  the  point  of  loss  of  con- 
sciousness. The  cessation  of  hiccup  appears  related  to  a 
central  effect  on  the  brain  rather  than  to  sustained  pulmo- 
nary ventilation.  In  cases  of  depressed  respiration  due  to 
morphine  or  barbiturate  poisoning,  carbon  monoxide  is  not 
indicated,  since  the  carbon  dioxide  content  of  the  blood  is 
already  high.  This  also  applies  to  atelectasis  of  the  lungs  of 
the  newborn. 

Administration  of  Drugs  by  Inhalation 

Nebulization  of  Bronchodilator  and 
Antibiotic  Aerosols 

The  purpose  ol  inhaling  nebulized  solutions  is  to  de- 
posit on  the  respiratory  passageway  and  in  the  alveoli 
small  droplets  of  substances  suspended  in  air.  The  size  of 
the  particles  in  therapeutic  aerosols  exercises  a  critical 
effect  on  the  site  of  deposition  and  absorption  from  the 
respiratory  tract.  Particles  of  small  size.  03  to  0.8  micron 
in  radius,  pass  readily  through  the  tracheobronchial  tree 
into  the  alveoli,  where  varying  proportions  from  (SO  to  70 
per  cent,  are  absorbed,  depending  on  the  complex  nature 


Fig.  17.  The  nebulizer  may  be  used  with  the  Y  tube  connected  to 
an  oxygen  cylinder  or  to  a  pump.  It  is  also  conveniently  employed 
by  the  patient  with  a  hand  bulb  without  a  Y  tube. 

of  the  substance.  Particles  of  relatively  large  size,  more 
than  10  microns  in  radius  are  mostly  precipitated  on  the 
pharynx,  larynx,  trachea  and  larger  bronchi. 

The  determination  of  the  optimal  particle  mass  for  ther- 
apeutic administration  depends  on  the  location  where  dep- 
osition is  desired  and  on  the  therapeutic  substance  em- 
ployed. Thus,  in  the  treatment  of  bronchospasm  it  is 
desirable  to  use  a  nebulin  of  bronchodilator  solution  of 
relatively  small  particle  size  (1  to  3  microns  in  radius)  in 
order  to  obtain  both  local  application  to  the  smaller  bron- 
chi and  absoiption  from  the  alveoli  into  the  blood  stream. 
Similarly,  it  is  desirable  to  avoid  the  use  of  a  vasocon- 
stricting  nebulin  of  large  particle  size  in  order  to  prevent 
useless  deposition  of  drug  and  irritation  of  the  larynx  and 
trachea. 

In  the  treatment  of  bronchopulmonary  infections  with 
penicillin  and  other  antibiotic  aerosols,  deposition  of  the 
drug  on  the  surface  of  the  bronchial  mucous  membrane  as 
well  as  absorption  from  the  alveoli  into  the  blood  stream 
are  accomplished  by  inhalation  of  mists  of  relatively  small 
particle  size,  1  to  3  microns  in  radius.  Although  maximum 
alveolar  absorption  takes  place  with  smaller  particles.  0.4 
to  0.8  micron  in  radius,  the  time  required  for  administra- 
tion of  mists  of  such  small  particle  size  is  considerably 
prolonged  with  the  nebulizers  now  in  use.  When  treatment 
of  nasopharyngeal  and  sinus  infections  is  intended,  use  of 
an  antibiotic  aerosol  of  larger  particle  size  appears  to  be 
desirable  in  order  to  obtain  greater  deposition  of  the  drug 
in  the  nasopharynx  and,  with  use  of  intermittent  negative 
pressure,  in  the  sinus  cavities. 

Treatment  with  nebulized  bronchodilator  solutions  in 
bronchial  asthma  and  pulmonary  emphysema  is  conve- 
niently carried  out  by  the  hand  bulb  nebulizer  with  1:100 
epinephrine  .solution,  2.25  per  cent  raceinic  epinephrine  or 
arterenol  (isopropyl  epinephrine).  Continuous  nebulization 
of  epinephrine  and  related  substances,  as  well  as  chemo- 
therapeutic  substances  such  as  the  sulfonamide  drugs  and 
glucosulfone  sodiiuii  (promin""),  may  be  maintained  with 
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air  from  a  pressure  pump  and  with  oxygen  from  high 
pressure  cylinders.  The  sulfonamide  aerosols  have  been 
largely  superseded  by  the  newer  antibiotic  drugs,  espe- 
cially penicillin  and  streptomycin,  because  of  their  greater 
clinical  effectiveness.  Streptomycin  aerosol  has  been  used  in 
the  treatment  of  bronchial  and  laryngeal  tuberculosis,  in  con- 
junction with  parenteral  administration  of  streptomycin. 

The  introduction  of  penicillin  into  the  nasal  accessory 
sinuses  is  accomplished  by  the  development  of  intermit- 
tent negative  pressure  in  the  nasal  passages  during  the 
nebulization  of  penicillin  aerosol  in  concentrated  solutions, 
such  as  ."iO.OOO  to  lOO.OOO  units  per  cubic  centimeter. 

Inhalation  ofmicronized  or  powdered  penicillin  and  pow- 
dered streptomycin,  recently  introduced  as  a  simple  method 
of  topical  application,  requires  further  study  to  appraise  its 
value,  but  it  appears  at  present  to  be  less  effective  and 
more  wasteful  of  drug  than  penicillin  or  streptomycin  aero- 
sol in  the  treatment  of  bronchopulmonary  infections. 

Methods  of  Administering  Penicillin  Aerosol 

The  administration  of  penicillin  aerosol  calls  for  an  ap- 
propriate nebulizer  and  a  source  of  air  or  oxygen  under 
pressure.  For  the  cooperative  patient  oral  inhalation  is  em- 
ployed. A  glass  Y  tube  is  inserted  in  the  rubber  tubing 
between  the  nebulizer  and  the  oxygen  regulator:  the  finger 
is  placed  over  the  open  end  to  close  it  during  inspiration 
and  removed  during  expiration.  A  mouthpiece  attachment 
and  a  rebreathing  bag  may  be  used  if  it  is  desired  that  the 
patient  reinhale  some  of  the  penicillin  from  the  expired  air: 
this  arrangement  also  prevents  spilling  of  the  penicillin 
solution  into  the  mouth.  When  a  mask  is  employed  a  de- 
mand valve  may  be  connected  to  the  nebulizer,  by  which 
penicillin  aerosol  is  produced  only  during  the  inspiratory 
cycle  through  a  slight  drop  in  pressure  actuating  the  de- 
mand valve.  A  hood  or  tent  is  employed  for  simultaneous 
administration  of  penicillin  and  oxygen  in  dyspneic  pa- 
tients. The  dosage  of  drug  commonly  used  is  50,0(X)  to 
200.000  units  of  penicillin  dissolved  in  I  to  2  cc.  of  saline 
solution  or  distilled  water. 

An  important  detail  of  technic  is  to  u.se  one  or  two  rinses 
in  the  nebulizer  after  the  penicillin  solution  has  been  neb- 
ulized, since  without  rinses  40  per  cent  of  the  drug  remains 
in  the  nebulizer  in  concentrated  form.  The  rinse  solution 
may  be  distilled  water,  saline  solution,  vasoconstricting 
and  bronchodilating  solutions,  such  as  1  per  cent  phenyl- 
ephrine hydrochloride,  I  per  cent  racemic  epinephrine  or  I 
per  cent  ephedrine,  or  benzalkonium  chloride  1:1,000. 

Apparatus  for  Use  of  Antibiotic 
Aerosols  in  Sinusitis 

The  nebulizer  used  for  administration  of  penicillin  aero- 
sol in  the  treatment  of  infectious  sinusitis  should  prefera- 


bly be  one  which  produces  particles  of  relatively  large 
size,  such  as  a  nebulizer  of  the  Vaponefrin®  type  from 
which  the  baftle  has  been  removed  and  in  which  the  di- 
ameter of  the  jet  has  been  lengthened.  A  greater  deposition 
of  penicillin  particles  in  the  nasal  passages  and  perhaps  a 
larger  concentration  in  the  accessory  sinus  cavities  may 
then  be  provided  by  the  use  of  alternating  positive  and 
negative  pressure.  It  should  be  emphasized,  however,  that 
for  the  treatment  of  bronchiectasis  an  aerosol  with  a  rela- 
tively small  particle  size,  which  is  produced  by  the  stan- 
dard Vaponefrin®,  DeVilbiss,  or  S.P.S.  nebulizer,  is  pref- 
erable. The  baftleless  nebulizer,  used  only  for  sinus  and 
nasal  infections,  has  the  advantage  of  swift  production  of 
a  coarse  mist  with  the  hand  bulb,  I  cc.  being  nebulized  in 
five  minutes. 

A  single  nose  piece  with  a  small  glass  trap  attached  to 
the  nebulizer  to  contain  secretions  is  generally  employed 
for  the  treatment  of  sinusitis.  The  patient  breathes  through 
the  open  mouth  as  the  mist  is  nebulized  into  the  nasal 
passages  by  air  or  by  oxygen.  An  oxygen  flow  of  5  to  8 
liters  per  minute  is  employed.  Negative  pressure  may  be 
produced  by  a  Venturi  tube  connected  to  the  nebulizer  or, 
in  the  simpler  apparatus,  by  a  hand  bulb.  When  one  uses 
the  Venturi  tube,  one  must  close  the  open  end  with  the 
thumb:  this  forces  oxygen  or  air  to  pass  through  the  neb- 
ulizer and  form  the  aerosol.  When  the  thumb  is  removed 
from  the  open  end  of  the  tube  and  the  patient  swallows,  a 
negative  pressure  is  created  in  the  nasal  passages  and  in 
the  antrums.  When  suction  in  the  nose  is  felt  by  the  pa- 
tient, the  thumb  is  promptly  placed  again  on  the  Venturi 
tube,  to  direct  the  aerosol  into  the  nasal  passage. 

The  pressure  required  may  be  generated  by  high  pres- 
sure oxygen  cylinders,  by  a  motor  pump,  an  automobile 
foot  pump,  a  hand  operated  fire  pump  or  a  hand  bulb.  The 
dose  of  penicillin  which  is  frequently  used  is  50,000  to 
200,000  units  dissolved  in  1  to  2  cc.  of  saline  solution,  or 
1  per  cent  phenylephrine  hydrochloride  solution  or  boiled 
water.  The  Venturi  tube  and  the  nebulizer  should  be  washed 
every  day  or  two:  the  nose  pieces  should  be  washed  after 
each  treatment. 

The  Hand  Bulb  Method  of  Producing  Negative 
Pressure.  The  nebulizer  may  be  used  with  a  hand  bulb 
instead  of  the  Venturi  tube  to  produce  negative  pressure. 
Positive  pressure  produced  by  compression  of  the  rubber 
bulb  forms  the  mist,  and  negative  pressure  is  developed 
when  the  bulb  expands.  The  patient  inserts  the  single  glass 
nose  piece  into  the  nostril,  compresses  the  hand  bulb  to 
produce  the  aerosol,  then  closes  the  other  nostril  with  the 
finger,  and  swallows  as  the  bulb  expands,  producing  a 
negative  or  suction  effect  in  the  nose.  When  the  experience 
of  negative  pressure  is  noted,  the  bulb  is  again  compressed, 
producing  an  aerosol  of  penicillin  in  the  nasal  passages. 
The  advantage  of  the  bulb  technic  of  producing  negative 
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pressure  lies  not  only  in  its  simplicity  but  also  in  the  fact 
that  the  penicillin  mist  enters  the  nasal  passages  during  the 
latter  part  of  the  phase  of  negative  pressure,  as  the  bulb 
expands.  Since  1  cc.  of  solution  may  be  nebulized  by  the 
hand  bulb  in  five  to  ten  minutes  when  the  large  jet.  baflle- 
iess  nebulizer  is  employed,  this  apparatus  lends  itself  to 
home  treatment,  without  the  use  of  oxygen  or  a  motor- 
driven  pump.  More  effort  is  naturally  required  for  the  hand 
bulb  method  than  with  the  use  of  a  source  of  pressure,  such 
as  a  cylinder  of  oxygen  or  an  air  pump,  or  hand  or  foot 
pumps.  However,  in  each  instance  a  negative  pressure  of 
50  to  60  mm.  of  mercury  may  be  attained  in  the  nasal 
passages  and  transmitted  to  the  accessory  sinuses. 

Clinical  Illustrations  of  Need  for  Instruction 

The  lack  of  adequate  teaching  of  inhalational  therapy 
was  recently  manifested  in  a  clinic  on  inhalational  and 
physiologic  therapy  of  respiratory  disease.  Four  problems 
in  treatment  were  presented  for  which  physiologically  di- 
rected therapy  was  indicated. 

A  statement  of  each  case  history  was  presented,  with  a 
request  for  a  conect  answer,  to  a  group  of  forty  physicians 
interested  in  diseases  of  the  chest.  Only  four  of  them  had 
answers  that  would  aid  the  patients. 

Case  1 .  A  patient  with  pulmonary  emphy.sema  was  short 
of  breath  as  a  result  of  upper  respiratory  infection.  She  was 
placed  in  an  oxygen  tent  at  a  flow  of  7  liters  per  minute, 
with  the  canopy  carefully  tucked  in  on  all  sides,  and  with 
a  temperature  and  humidity  within  the  normal  range.  A 
concentration  of  60  per  cent  oxygen  was  obtained  one 
hour  later.  However,  the  patient  revealed  increasing  short- 
ness of  breath  which  was  relieved  promptly  after  the  tent 
was  removed.  The  previously  existing  dyspnea  returned  to 
the  same  degree  present  before  treatment  with  oxygen. 
What  was  the  cause  of  the  increased  dyspnea  in  60  per 
cent  oxygen? 

Case  2.  A  patient  with  bronchial  asthma  was  treated  in 
a  B-L-B  mask  at  a  flow  of  4  liters  per  minute  to  provide  a 
concentration  of  40  per  cent  oxygen,  according  to  the  lit- 
erature that  came  with  the  mask  apparatus.  Within  fifteen 
minutes  there  was  a  pronounced  increase  in  the  dyspnea  of 
the  patient  which  was  relieved  after  the  mask  was  re- 
moved. What  was  wrong  in  the  handling  of  this  patient? 

Case  3.  A  patient  with  hypertensive  vascular  disease 
and  coronary  arteriosclerosis  had  acute  widespread  pul- 
monary edema  at  night.  After  treatment  with  a  Meter  mask, 
providing  an  expiratory  positive  pressure  of  .5  cm.  of  wa- 
ter, the  lungs  were  clear  at  the  end  of  one  hour.  The  mask 
was  removed,  but  within  thirty  minutes  there  was  a  return 


of  pulmonary  edema.  What  form  of  treatment  was  then 
indicated? 

Case  4.  A  patient  manifested  acute  widespread  edema 
of  a  lung  after  six  days  of  continuous  inhalation  of  95  to 
100  per  cent  oxygen  in  a  B-L-B  mask.  The  pulse  rate  was 
150;  the  respiratory  rate  was  70.  An  expiratory  positive 
pressure  mask,  with  a  pressure  on  expiration  of  5  cm.,  was 
used  and  the  oxygen  concentration  was  lowered  to  60  per 
cent.  A  decided  increase  in  cyanosis  took  place.  What 
should  the  subsequent  program  of  treatment  have  been? 

Clinical  situations  of  this  type  are  common,  and.  unfor- 
tunately, the  inability  to  prescribe  proper  treatment  is  re- 
vealed not  only  among  general  practitioners  but  among 
specialists  in  diseases  of  the  chest. 

In  case  1  increased  dyspnea  was  due  to  a  carbon  dioxide 
concentration  of  2.5  per  cent,  which  resulted  from  the  low 
rate  of  flow  of  oxygen  (7  liters  per  minute)  and  an  inad- 
equate washing  out  of  carbon  dioxide.  The  patient  who 
eliminates  250  cc.  of  carbon  dioxide  per  breath  must  have 
this  diluted  in  2.500  cc.  of  air  plus  oxygen  in  order  to 
lower  the  concentration  to  I  per  cent.  A  flow  of  not  less 
than  10  liters  per  minute,  maintaining  an  oxygen  concen- 
tration of  50  per  cent,  must  be  used  in  order  to  bring  about 
a  dilution  of  carbon  dioxide  and  thus  prevent  increased 
pulmonary  ventilation  and  aggravation  of  dyspnea.  To 
maintain  a  concentration  of  60  per  cent  oxygen  requires  a 
flow  of  12  to  14  liters  per  minute. 

In  case  2  a  flow  of  4  liters  per  minute  in  the  B-L-B 
mask  was  insufficient  to  wash  out  carbon  dioxide;  the 
concentration  of  carbon  dioxide  in  the  mask  was  2.5  per 
cent.  In  addition,  the  collapse  of  the  bag  during  inspiration 
made  it  necessary  for  the  patient  to  suck  air  through  the 
sponge  rubber  disks,  which  required  increased  inspiratory 
effort.  The  negative  pressure  within  the  mask  when  the 
sponge  rubber  disks  are  new  may  be  from  1  to  1.5  cm  .of 
water,  but  when  they  are  clogged  with  dust  the  resistance 
is  even  higher.  The  patient  with  bronchial  asthma  should 
have  a  flow  in  a  B-L-B  mask  of  not  less  than  7  liters  per 
minute  in  order  to  wash  out  the  major  part  of  the  carbon 
dioxide  and  to  prevent  collapse  of  the  bag  during  inspira- 
tion. (In  the  injector  type  meter  mask  the  mixture  of  ox- 
ygen and  air  takes  place  at  the  regulator  as  a  result  of  the 
pressure  of  oxygen  itself  in  the  injector.) 

The  patient  with  pulmonary  edema  in  heart  disease  (case 
?i)  was  treated  again  with  a  Meter  mask  providing  an  ex- 
piratory positive  pressure  of  5  cm.  of  water;  when  the 
moisture  had  cleared,  pressure  was  gradually  lowered  from 
5  to  4  cm..  4  to  3.  3  to  2  and  2  to  1.  i.e.,  a  lowering  of  1 
cm  at  half  hour  intervals.  In  these  circumstances  the  heart 
was  offered  a  gradually  increased  volume  of  blood,  so  that 
left  ventricular  failure  was  not  indicated  by  sudden  en- 
trance of  a  lariie  amount  of  blood. 
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In  case  4  treatment  was  continued  with  60  per  cent 
oxygen,  since  this  concentration  is  not  irritating  to  the 
lungs.  Despite  the  temporarily  increased  cyanosis,  the  pa- 
tient was  decidedly  improved:  at  the  end  of  thirty-six  hours 
the  pulmonary  edema  had  subsided.  The  pressure  was  grad- 
ually lowered,  and  the  patient  ultimately  recovered. 

These  cases  are  cited  in  order  to  emphasize  the  lack  of 
knowledge  on  the  part  of  physicians  concerning  the  func- 
tioning of  the  apparatus  that  is  commonly  employed,  as 
well  as  an  incomplete  understanding  of  the  pathologic  phys- 
iology of  the  conditions  themselves. 

Need  for  Trained  Personnel 

The  advantages  of  theoretic  knowledge  of  the  physiol- 
ogy and  pathology  of  respiratory  disorders  are  not  trans- 
mitted to  the  patient  unless  the  technics  are  skillfully  ad- 
ministered. Because  of  the  complexity  and  diversity  of 
nuidern  apparatus,  technicians  must  be  properly  trained 
and  supervised.  In  New  York  City  the  Board  of  Health 
conducts  examinations  for  licensure  of  technicians  in  in- 
halational  therapy.  Although  at  present  licensure  applies 
solely  to  those  in  the  business  of  supplying  inhalational 
therapy  services  and  proprietary  hospitals,  it  provides  an 
opportunity  for  extension  to  hospital  personnel.  Hospitals 
have  not  generally  considered  it  feasible  to  supply  trained 
technicians  for  the  administration  of  inhalational  therapy; 
it  is  usually  relegated  to  a  changing  intern  staff  or  to  nurses 
and  orderlies  who  as  often  as  not  have  not  had  proper 
instruction. 

The  fact  that  few  medical  schools  and  hospitals  provide 
instruction  in  inhalational  therapy  is  another  factor  respon- 
sible for  a  lack  of  competent  supervision  of  this  type  of 
treatment  of  conditions  due  to  impaired  respiratory  func- 
tion. Frequently  the  trained  technician  is  more  familiar 
with  the  procedures  than  is  the  physician,  a  situation  which 
in  all  probability  will  continue  until  adequate  teaching  of 
inhalational  therapy  is  undertaken  by  medical  schools  and 
hospitals. 

Still  another  factor  appears  to  be  the  unwillingness  of 
physicians  interested  in  respiratory  physiology  or  in  dis- 
eases of  the  chest  to  assume  the  directorship  of  depart- 
ments of  inhalational  therapy  in  the  absence  of  full  time 
trained  technical  assistants.  Physicians  who  refuse  such 
assignments  would  appear  to  be  abundantly  justified,  since 
they  themselves  would  be  called  on  either  to  carry  out  in 
person  time-consuming  procedures  or  else  to  take  respon- 
sibility for  improper  practice  by  poorly  trained  hospital 
personnel. 

In  some  hospitals  the  anesthesiologist  has  been  placed 
in  charge  of  the  therapeutic  use  of  gases  and  pressures 
because  of  his  familiarity  with  the  inhalation  of  anesthetic 
agents.  Unfortunately,  clinical  problems  at  times  arise  in 


disturbances  of  respiratory  function  in  which  he  is  not 
qualified  as  a  consultant.  To  establish  him  in  the  role  of 
glorified  technician  in  charge  of  equipment  and  technic  is 
of  advantage  neither  to  him  nor  to  the  hospital,  if  hospitals 
were  required  to  provide  trained  inhalational  therapy  tech- 
nicians, the  physician  specializing  in  respiratory  disease 
might  be  interested  in  heading  such  a  department,  con- 
ducting studies  on  those  clinical  entities  characterized  by 
impaired  respiratory  function  and  providing  the  hospital 
clinic  with  consultative  services,  when  desired;  such  ser- 
vices might  prove  to  be  of  value  to  those  of  his  colleagues 
less  well  informed  concerning  the  physiologic  and  techni- 
cal problems  involved. 

Summary 

The  purpose  of  inhalational  therapy  may  be  broadly 
described  as  the  attempt  to  restore  normal  function  to  the 
respiratory  system.  Impairment  of  respiratory  function  ul- 
timately manifests  itself  in  a  lack  of  oxygen  in  the  tissues. 
At  times  this  may  be  counteracted  by  simple  inhalation  of 
an  oxygen-enriched  atmosphere.  In  recent  years,  however, 
the  recognition  of  more  complex  pathophysiologic  changes 
in  the  organs  of  breathing  has  stimulated  the  development 
of  various  means  of  controlling  pressure  as  well  as  the 
therapeutic  use  of  gases. 

Alleviation  of  anoxia  is  frequently  of  crucial  importance 
in  such  conditions  as  cardiac  failure,  coronary  artery  dis- 
ease, asthma,  pulinonary  emphysema,  atelectasis  of  the 
lungs,  pneumonia,  pulmonary  edema,  and  cerebral  throm- 
bosis. A  proper  understanding  of  the  technics  of  inodern 
procedures  in  inhalational  therapy  is  essential  if  the  value 
of  this  type  of  physiologically  directed  therapy  is  actually 
to  be  brought  to  the  bedside.  An  attempt  has  been  made 
herein  to  formulate  the  methods  now  in  use  in  order  to 
promote  a  more  effective  employment  of  inhalational 
therapy. 

Although  no  emergency  is  more  critical  in  clinical  med- 
icine than  an  interruption  in  the  lifeline  of  oxygen,  the 
failure  to  teach  inhalational  therapy  in  medical  schools  is 
almost  universal. 

The  lack  of  skilled  technicians  in  many  hospitals  is 
responsible  for  inexpert  management  of  the  methods  of 
treatment,  which  are  generally  relegated  to  a  changing 
intern  staff,  nurses,  or  orderlies. 

Physicians  interested  in  respiratory  physiology  or  in  dis- 
eases of  the  chest  would  seem  to  be  the  most  suitable  as 
heads  of  departments  of  inhalational  therapy  in  hospitals 
because  of  the  complexity  of  the  problems  in  internal  med- 
icine for  which  consultative  services  are  needed.  However, 
without  specially  qualified  technical  assistants  the  director 
would  find  himself  carrying  out  procedures  of  a  burden- 
some and  time-consuming  nature,  or.  equally  unfortunately, 
delegating  serious  responsibility  to  unskilled  personnel. 
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who  have  been  qualified  by  written  and  oral  examinations,  impairment  of  respiratory  function, 
as  already  established  in  New  York  City  by  the  Board  of 

Health,  constitutes  the  beginning  of  a  program  whereby  ADDITIONAL  REFERENCE 
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The  Survey  of  the  Status  of  Inhalational  Therapy 
IN  the  Hospitals  of  New  York  City 

Report  of  a  Subcommittee  of  the  Committee  on  Public  Health 
Relations  of  the  New  York  Academy  of  Medicine 


Since  1931  the  Committee  on  Public  Health  Relations 
of  New  York  Academy  of  Medicine  has  maintained  an 
active  interest  in  inhalational  therapy.  At  that  time  the 
Committee  sponsored  an  exhibit  and  drew  up  standards  for 
oxygen  equipment  following  an  inquiry  into  the  prevailing 
practices.  A  second  study,  dealing  with  effective  admin- 
istration of  oxygen,  was  made  in  1936.  and  another  in 
1943.  when  the  "Standards  for  Effective  Administration  of 
Inhalational  Therapy"  were  prepared  by  a  special  subcom- 
mittee and  published  in  the  Journal  of  the  American  Med- 
ical Association.  The  1943  Subcommittee  assisted  in  draft- 
ing a  local  law  passed  by  the  Council  of  the  City  of  New 
York,  placing  purveyors  of  oxygen  therapy  service  under 
the  supervision  of  the  Department  of  Health. 

Again  the  need  to  review  the  current  status  of  this  mode 
of  therapy  has  been  brought  to  the  attention  of  the  Com- 
mittee. In  January  of  1949  a  questionnaire  was  sent  to  167 
hospitals  and  99  nursing  homes  in  the  five  boroughs  of 
New  York  City  and  Westchester  County.  Eight  major 
phases  of  the  question  were  included  in  the  inquiry.  These 
were:  (1)  Personnel  in  charge  of  inhalational  therapy,  (2) 
equipment,  (3)  administrative  practices,  (4)  service  by 
private  purveyors,  (5)  payment,  (6)  records,  (7)  extent  of 
use  of  inhalational  therapy  during  1948  and  (8)  aerosol 
therapy. 

Returns  were  received  from  50  per  cent  of  the  hospitals 
and  from  six  nursing  homes.  Examination  of  the  replies 
confirmed  the  current  reports  that  the  knowledge  now  avail- 
able regarding  this  mode  of  therapy  is  not  being  fully 
applied  in  present  administrative  practices:  that  some  in- 
stitutions apparently  have  no  one  on  their  staffs  sufficiently 
familiar  with  it;  and  therefore  in  many  institutions  prac- 
tices persist  which  are  hazardous  to  the  patients.  In  the 
replies  received  from  hospitals  maintaining  their  own  equip- 
ment, discrepancies  were  frequent  between  the  informa- 
tion reported  in  the  questionnaire  and  facts  known  to 
members  of  the  Subcommittee.  Some  replies  were  so  frag- 
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mentary  that  it  has  been  necessary  to  supplement  the  re- 
turns from  the  questionnaire  with  information  derived  from 
other  sources.  It  is  true  that  the  questionnaire  asked  for  a 
great  deal  of  information;  it  seemed  reasonable  that  a  hos- 
pital staff  member  charged  with  the  supervision  of  this 
service  should  be  in  possession  of  the  answers  to  these 
questions  if  he  were  really  aware  of  the  resources  and 
hazards  presented  by  inhalational  therapy.  Lack  of  interest 
on  the  part  of  the  managing  officers  was  another  factor 
which  reduced  the  effectiveness  of  the  survey,  for  some 
hospitals  which  are  known  to  maintain  high  standards  did 
not  reply. 

The  administration  of  drugs  is  carefully  checked  in  rep- 
utable hospitals,  yet  in  some  institutions  oxygen  is  given 
without  adequate  supervision  of  the  particular  needs  of  the 
individual  patient.  This  may  lead  at  times  to  serious  con- 
sequences; for  example,  an  accumulation  of  carbon  diox- 
ide within  an  oxygen  tent  or  mask  may  stimulate  the  rate 
of  respiration  and  in  an  asthmatic  patient  may  aggravate 
dyspnea. 

This  report  is  divided  into  three  parts; 

I.  Information  Derived  from  the  Questionnaire 
II.  Information  Derived  from  other  Sources 
III.  Conclusions  and  Recommendations. 

PART  I.  Information  Derived  from  the 
Questionnaire 

A  detailed  analysis  of  the  reports  received  cannot  be 
made,  since  of  the  83  hospitals  whose  replies  were  tabu- 
lated, none  submitted  complete  information.  The  data  here 
presented  are  therefore  but  fractional. 

Supervision 

In  49  hospitals  oxygen  equipment  was  supplied  by  out- 
side sources.  In  10  of  these  the  private  purveyor  had  sole 
supervision  of  inhalational  therapy.  In  40  the  purveyor  was 
responsible  for  the  actual  administration  of  inhalational 
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theiap)  with  \arying  degrees  of  assistance  from  tiie  hos- 
pitals. AhhoLigh  the  regulations  of  the  New  York  City 
Department  of  Health  defined  standard  practices  which 
must  be  adhered  to  by  purveyors  "engaged  in  the  business 
of  supplying  inhalational  therapy  service,'"  the  Subcoin- 
niittee  seriously  questions  the  desirability  of  delegating  to 
purveyors  the  complete  responsibility  for  this  form  of  ther- 
apy without  medical  supervision. 

Of  1 1  different  groups  listed  in  the  returns  as  responsi- 
ble for  the  supervision  of  inhalational  therapy,  the  largest 
classification  is  that  of  anesthesiologists.  Familiarity  with 
the  physiology  of  respiration  and  with  the  use  of  gases  has 
been  the  basis  for  this  delegation  of  responsibility  to  them. 
Interns  and  residents  are  not  trained  in  the  majority  of 
hospitals  or  medical  schools  to  assume  responsibility  for 
the  administration  of  inhalational  therapy,  yet  in  8  hospi- 
tals in  the  New  York  area,  according  to  this  survey,  interns 
and  residents  have  sole  responsibility  for  administration. 
In  a  few .  they  are  even  charged  with  supervision:  multiple 
responsibility,  reported  in  twelve  hospitals,  tends  to  en- 
courage carelessness  in  therapeutic  procedures.  One  hos- 
pital reported  that  five  different  groups  of  people  had  charge 
of  the  service. 

Training  for  Personnel 

Fifty-three  hospitals  reported  that  their  staff  members 
receive  training  in  inhalational  therapy;  the  amount  of  train- 
ing was  not  usually  specified.  One  well-known  hospital 
stated  that  student  nurses  were  afforded  one  lecture  per 
year,  and  it  seems  probable  that  this  is  the  general  picture. 
About  half  of  the  hospitals  maintaining  their  own  equip- 
ment train  the  technicians  who  operate  it.  Nine  hospitals 
reported  that  the  training  offered  is  equal  to  that  required 
for  licensure  by  the  city. 

Equipment 

According  to  the  survey,  33  of  the  83  hospitals  own 
their  own  equipinent;  40  rent  it.  and  10  combine  owned 
and  rented  apparatus.  It  has  been  estimated  that  in  an 
active  general  hospital  the  number  of  inhalational  therapy 
units  should  approximate  10  per  cent  of  the  number  of 
beds.  Forty-six  percent  of  the  participating  hospitals  fell 
within  this  standard,  if  the  number  of  regulators  (oxygen 
How  meters  or  Bourdon  type  gauges)  be  accepted  as  a 
measure  of  equipment  ready  for  use.  A  piece  of  equipment 
is  not  considered  complete  unless  it  is  accompanied  by  a 
legulator  so  that  it  may  be  attached  to  a  tank  of  gas  or  to 
a  piping  system.  Of  the  33  hospitals  maintaining  their  own 
equipment.  19  reported  a  number  of  regulators  equal  to  90 
per  cent  ot  their  pieces  of  equipment:  the  average  for  all 
the  hospitals  repoi'ting  was  .S.S  per  cent. 


Approximately  half  of  the  institutions  reported  some 
aerosol  equipment  on  hand. 

Operating  Practices 

In  regard  to  checks  for  motor  failure.  25  hospitals  sup- 
plied no  information:  20  replied  that  some  check  was  made, 
ranging  from  "daily"  to  "as  necessary."  or  "as  need  is 
indicated."  2  definitely  reported  that  no  check  was  made, 
and  16  stated  that  the  motor  was  checked  after  each  use. 
One  hospital  reported  that  motors  were  examined  "every  2 
hours."  and  another  reported  checks  every  60  days.  Infor- 
mation as  to  temperature  control  was  not  indicated  by  27 
hospitals:  31  gave  no  information  concerning  proper  ice 
water  drainage,  and  replies  concerning  tests  for  obstruc- 
tion in  the  ice  cabinet  were  fragmentary.  Twenty-four  hos- 
pitals offered  no  information  as  to  whether  a  mask  or  hood 
in  use  was  checked  for  leakage. 

Cleansing  of  Tents 

According  to  the  regulations  of  the  Department  of  Health, 
purveyors  are  required  to  wash  the  tent  cabinet  and  canopy 
with  soap  and  water  inside  and  out,  and  then  rub  the  can- 
opy down  with  70  per  cent  alcohol  or  dip  it  in  1:1000 
bichloride  of  mercury  solution  or  in  some  other  effective 
chemical  before  the  next  use.  Although  49  hospitals  re- 
ported that  soap  and  water  were  used  for  the  cleansing  of 
tents,  only  30  reported  that  tents  were  clean.sed  after  each 
use.  and  63  did  not  answer  a  question  as  to  the  sterilization 
of  infant  tents  with  a  chemical.  One  hospital  reported  that 
canopies  were  washed  only  if  the  patient  had  a  contagious 
disease,  and  three  were  wont  to  wash  the  canopy  "when 
necessary." 

Rate  of  Oxygen  Flow 

Although  it  has  been  repeatly  emphasized  that  a  flow 
rate  of  oxygen  into  a  tent  cannot  safely  be  less  than  10 
liters  per  minute  in  order  to  dilute  to  a  reasonable  degree 
the  amount  of  carbon  dioxide  emitted  by  a  patient  of  av- 
erage size,  only  39  hospitals  reported  using  a  flow  rate  of 
10  liters  or  more.  Of  the  ten  municipal  hospitals  that  re- 
plied to  the  questionnaire,  seven  stated  that  they  employed 
a  flow  rate  of  less  than  10  liters  a  minute. 

The  Subcommittee  was  informed  that  the  rates  of  oxy- 
gen flow  are  sometimes  reduced  by  unauthorized  persons 
in  the  interests  of  economy:  tents  have  been  observed  in 
operation  at  flows  of  3  to  4  liters.  Failure  to  appreciate  the 
importance  of  the  correct  concentration  of  oxygen  within 
a  tent  during  treatment  is  apparently  a  frequent  occur- 
rence: a  large  number  of  hospitals  did  not  report  whether 
the  concentration  was  routincK  delermined. 
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Economy  of  operation  is  admittedly  an  important  con- 
sideration. Since  shutting  off  the  motor  blower  while  nurs- 
ing care  is  given  to  the  patient  conserves  a  considerable 
amount  of  oxygen  that  would  otherwise  be  wasted,  the 
question  was  raised  as  to  how  often  the  motor  is  thus 
stopped.  It  was  found  that  75  per  cent  of  the  hospitals 
observe  this  precaution. 

Record  Forms 

Only  10  hospitals  reported  the  use  of  .special  medical 
forms  to  record  the  inhalationai  therapy  procedures.  Con- 
siderable variation  was  found  in  the  amount  of  oxygen 
used  in  those  hospitals  from  which  this  information  was 
available  for  the  preceding  year;  the  reported  application 
of  inhalationai  therapy  in  a  year  ranged  from  3  hours  per 
bed  in  one  general  hospital  to  30.4  twenty-four  hour  days 
per  bed  in  another. 

Payment  for  Service 

Eighteen  different  systems  of  payment  by  patients  for 
inhalationai  therapy  were  found  in  the  various  hospitals, 
including  those  with  purveyors.  These  ranged  from  the 
all-inclusive  rate  used  in  7  hospitals  to  direct  payments 
made  by  the  patient  to  the  purveyor.  The  most  common 
plan,  u.sed  in  21  hospitals,  is  to  base  charges  on  the  use  of 
equipment  plus  a  charge  for  the  gas  used. 

Responsibility  for  Arrangements  for  Private 
Service 

The  payment  of  rebates  to  physicians  by  individual  pur- 
veyors was  presented  as  one  of  the  serious  problems  in 
connection  with  the  maintenance  of  professional  standards 
for  this  service  in  some  hospitals.  The  Subcommittee  is  of 
the  opinion  that  a  contract  between  a  hospital  and  a  single 
purveyor  eliminates  this  unethical  practice  to  an  apprecia- 
ble degree.  Only  4  hospitals  reported  that  individual  phy- 
sicians were  allowed  to  make  arrangements  with  private 
purveyors. 

PART  II.  Information  Derived  from  Sources 
Other  than  the  Questionnaire 

An  inadequacy  in  the  management  of  inhalationai  ther- 
apy equipment  has  been  observed  even  in  some  of  our  best 
hospitals;  in  one  instance,  examination  showed  that  only 
1 5  per  cent  of  the  equipment  on  hand  was  in  usable  con- 
dition, and  only  50  percent  could  be  rendered  usable. 

In  some  hospitals  that  maintain  good  equipment  its  ef- 
fectiveness is  nullified  by  improper  use.  The  supervisory 


head  of  the  inhalationai  therapy  .service  is  in  many  in- 
stances far  removed  from  the  actual  administratic)n.  which 
may  be  carried  out  by  inadequately  trained  orderlies  or  by 
nurses  unfamiliar  with  the  correct  operation  of  equipment. 
Too  often,  a  physician  orders  an  oxygen  tent  and  leaves  no 
instruction  as  to  the  details  of  its  application;  the  same 
physician  would  not  simply  order  digitalis  and  leave  the 
dose  to  the  discretion  of  a  nurse,  technician  or  an  untrained 
employee. 

Inhalationai  therapy  equipment  may  be  in  excellent  con- 
dition, but  it  may  not  give  satisfactory  results  either  be- 
cause those  in  charge  do  not  understand  its  functioning  or 
because  it  has  been  inadvertently  disarranged  by  nurses  or 
visitors.  Purveyors  have  observed  that  the  cause  most  fre- 
quently found  for  the  failure  of  an  oxygen  tent  is  that  the 
electric  cord  has  been  disconnected  from  the  wall  socket. 

One  type  of  oxygen  mask  in  common  use  contains  a 
flutter  valve  in  the  nosepiece,  permitting  release  of  expired 
air  into  the  room.  It  has  been  observed  time  and  time  again 
that  this  valve  had  been  taped  down  tightly  because  "it 
fluttered  and  appeared  to  be  a  defect  in  the  mask."  In  some 
instances  bags  have  even  been  removed  from  this  type  of 
mask  because  they  did  not  fill  completely. 

The  function  of  these  bags  is  to  collect  oxygen  as  it 
flows  from  the  tank  while  the  patient  is  exhaling  and  to 
hold  it  for  inhalation.  Unless  there  were  some  method  of 
storage,  large  amounts  of  oxygen  would  be  wasted.  The 
proper  adjustment  of  this  type  mask  requires  that  the  bag 
be  only  partially  filled  during  exhalation.  If  it  were  fully 
distended,  the  pressure  would  force  oxygen  to  leak  from 
the  edges  of  the  mask.  With  such  an  arrangement  for  stor- 
age of  oxygen  it  is  possible  to  use  a  lower  rate  of  flow. 
When,  for  lack  of  understanding,  the  bag  is  cut  off,  the 
patient  simply  breathes  room  atmosphere.  Private  purvey- 
ors report  that  the  oxygen  flow  in  tents  and  masks  is  often 
reduced  as  a  measure  of  economy. 

In  tents  cooled  with  water  (wet)  ice,  attempts  are  some- 
times made  to  preserve  the  ice  by  wrapping  it  in  paper.  As 
a  result,  bits  of  paper  may  plug  the  drain,  allowing  water 
to  accumulate  and  thus  obstruct  the  flow  of  gas  to  the 
patient.  Although  all  manufacturers  of  wet  ice  tents  state 
plainly  that  large  chunks  of  ice  must  be  used  in  the  cooling 
compartment,  shaved  or  cracked  ice  has  been  used;  ice  in 
this  form  freezes  into  a  solid  mass,  which  obstructs  the 
flow  of  gas  to  the  patient.  On  the  other  hand,  it  has  been 
suggested  that  dry  ice  (solid  carbon  dioxide)  be  used  in  a 
wet  ice  compartment  to  overcome  the  drainage  problem  of 
wet  ice;  there  was  no  realization  that  lethal  quantities  of 
carbon  dioxide  could  thus  be  inhaled  by  the  patient.  It  has 
been  observed  at  times  that  the  ice  compartment  was  being 
used  as  a  storage  icebox  for  the  patient's  home-provided 
ginger  ale  or  fried  chicken. 
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PART  III.  Conclusions  and  Recommendations 

The  Committee  on  Public  Health  Relations  of  the  New 
York  Academy  of  Medicine  has  conducted  surveys  for 
many  years.  Invariably  the  response  to  questionnaires  has 
been  most  generous.  The  return  of  only  50  per  cent  of  the 
questionnaires  in  this  study  and  the  fact  that  none  was 
complete  seem  to  indicate  that  hospitals  do  not  integrate 
this  form  of  therapy  into  their  organization  and  thai  ihcy 
therefore  do  not  feel  too  willing  to  report  on  it. 

In  a  large  proportion  of  instances  physicians  who  should 
be  competent  to  supervise  the  administration  of  inhala- 
tional therapy  in  hospitals  are  prone  to  delegate  this  re- 
sponsibility to  technicians.  Nurses,  who  are  in  most  hos- 
pitals directly  charged  with  the  administration  of  the  major 
part  of  the  inhalational  therapy  and  who  are,  moreover, 
often  called  upon  to  administer  medical  gases  to  patients  at 
home,  have  little  or  no  training  to  fit  them  for  the  task. 

The  Subcommittee  on  Inhalational  Therapy  is  of  the 
opinion  that  the  prevalence  of  practices  which  not  only 
deprive  the  patient  of  benefits  that  he  might  receive,  but 
may  actually  endanger  his  life  are  the  result  of  the  lack  of 
systematic  instruction  regarding  the  assets  and  liabilities 
inherent  in  this  mode  of  treatment.  Training  programs  for 
interns,  residents  and  nurses  are  generally  inadequate.  Pur- 
veyors offer  technical  training  courses  to  the  hospitals  in 
which  they  supply  equipment,  but  they  have  stated  thai 
they  are  rarely  called  upon  for  this  special  service. 

On  the  basis  of  the  information  obtained  in  this  survey, 
the  Subcommittee  offers  the  following  recommendations: 

1.  Medical  schools  should  give  instruction  in  inhalational 
therapy  to  their  students  and  should  offer  special  courses 
for  interns  and  practicing  physicians. 

2.  A  program  of  instruction  should  be  arranged  for  nurses, 
technicians  and  others  who  may  be  charged  with  the 
administration  of  medical  gases.  It  is  suggested  that  the 
New  York  City  Department  of  Health  be  urged  to  spon- 
sor a  suitable  course  for  technicians  and  nurses,  with 
certificates  for  those  successfully  completing  the  work. 
A  satisfactory  course  might  consist  of  six  .^-hour  lec- 


lurcs  and  demonstrations,  twice  weekly  for  three  weeks, 
and  it  could  well  be  repeated  quarterly  for  the  conve- 
nience of  the  hospital  personnel. 
?i.  Hospitals  should  set  up  within  their  organizational  pat- 
tern provision  for  medical  supervision  of  inhalational 
therapy. 

4.  As  final  supervisory  responsibility  for  therapy  lies  with 
the  physicians  on  the  hospital  staff,  the  medical  board 
of  each  hospital  should  decide  for  the  particular  hospi- 
tal the  advantages  of  maintaining  its  own  equipment  as 
compared  with  those  i)ffered  by  contract  with  a  pur- 
veyor. 

5.  Hospitals  should  make  use  of  standard  forms  to  check 
on  the  condition  of  the  available  equipment  and  its  use. 

6.  The  regulations  now  enforced  by  the  New  York  City 
Department  of  Health  which  apply  to  purveyors  and 
proprietary  hospitals  should  be  reviewed,  and  the  scope 
of  their  application  should  be  enlarged  to  include  vol- 
untary and  municipal  hospitals  on  an  equal  basis. 

7.  Copies  of  this  report  should  be  sent  to  the  administra- 
tors and  the  medical  boards  of  all  hospitals  in  the  New 
York  area  and  subsequently  submitted  for  publication 
in  a  local  medical  joinnal. 

8.  A  spot  check  survey  should  be  undertaken  within  the 
next  two  years  to  appraise  the  effect  of  the  educational 
effort  made  by  the  Academy  through  the  exhibit  and 
lectures  in  the  Symposium  presented  December  5-10, 
1949,  and  through  this  survey,  as  well  as  the  revision  of 
the  Standards  of  Effective  Administration  of  Inhala- 
tional Therapy  to  be  published  in  the  Journal  of  the 
American  Medical  Association. 

Respectfully  submitted, 

Oswald  R  Jones  MD  Chairman 

Russell  L  Cecil  MD 

Chesmore  Eastlake  Jr  MD 

George  Goodstein  E.sq 

Irving  M  Pallin  MD 

EHL  Corwin  PhD  Secretary 

Approved  by  the  Committee  on  Public  Health  Relations 

May  15,  19.50. 
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Status  of  Inhalational  Therapy  in  New  York  Hospitals  ( 1 950) 


Suggested  Check  List 

For 

Inhalational  Therapy  Apparatus 

Checks  and  Intervals  to  Ensure  Proper  Function 


REGULATORS 

Leaks — after  each  use 
Accuracy — monthly 
CATHETERS 

Patency — four  times  daily 
Rotting — daily 

Sterilization — before  each  insertion 
HUMIDIFIERS 
Seal  tight — daily 
Holes  plugged — daily 
Odor — daily 

Sterilization — after  each  use 
TENTS,  all  types 
Canopies 

Tears — daily 

Sterilization — after  each  use 
Chassis 

Water  drain  patent  (water  ice  tent) — with  each  ice 
refill 

Drip  pan  empty  (mechanical  refrigeration) — daily 

Ice  compartment  seal  tight — with  each  ice  refill 

Leak  around  blower  shaft — weekly 

Oil  motors — see  manufacturer's  instructions 


Replace  filters — see  manufacturer's  instructions 
MASKS,  all  types 
Meter  Mask  OEM 

Flutter  valve  soft  and  not  torn — daily 

Inspiratory  and  accessory  inspiratory  discs  function- 
ing—  daily 

Bag  leak — daily 

Connector  right  side  up — daily 

Meter  face  tight — daily 

Venturie  hole  aligned — after  each  use 

Suction  plug  in — daily 

Sterilize — after  each  use 
B.  L.  B.* 

Bag  Leak — daily 

Suction  plug  in — daily 

Sterilize — after  each  use 

Sponge  discs  not  clogged  with  dirt  or  water — daily 

Bag  drain  plug  in — daily 


*  The  B-L-B  mask  is  named  for  its  designers  Boolhhy.  Lovelace,  and 
Bulbulian. 
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News  releases  about  new  pRKJucts  and  scnices  will  be  considered  for  publication  in  ihis  section. 

There  is  no  charge  for  these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs 

to  RESPIRATORY  CARE.  New  Products  &  Services  Depl.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 

The  Reader  Senicc  Card  can  be  found  at  the  front  of  the  Journal. 


New  Products 
&  Services 


O:  AND  CO2  Gas  Analyzers.  VacuMed 
announces  it  has  received  FDA  clearance  to 
market  Ot  and  CO^  gas  analyzers.  Accord- 
ing to  the  company,  both  analyzers  include 
a  permanent  "Nafion"  gas  dryer,  side-stream 
sample  pump,  digital  display,  and  analog  sig- 
nal output  for  recording  or  computer  inter- 
facing. VacuMed  says  the  Oi  analyzer  uses 
a  research-grade  permanent  paramagnetic 
sensor  that  has  0. 1  %  O2  accuracy  over  the 
range  of  0  to  100%  Oi  and  that  the  CO:  ana- 
lyzer uses  a  fast  response  infrared  sensor  that 
has  0.1%  CO2  accuracy  over  the  range  of  0 
to  10%  CO2.  The  company  says  the  CO2  ana- 
lyzer offers  a  choice  of  continuous  or  end-tidal 
display  and  that  both  outputs  are  available 
on  rear  panel  BNC  connectors.  For  more 
information  from  VacuMed.  circle  number  150 
on  the  reader  service  card  in  this  issue  or  send 
your  request  elecu^onically  via  "Advertisers 
Online"  at  http://www.aarc.org/buyers_guide/ 


TRANSFII.I,  system.  Andonian  Cryo- 
genics Inc  offers  the  HP-40  Skid-Mounted 
Trunstlll  System.  Company  literature  states 
that  this  system  converts  liquid  oxygen  to 
a  high  pressure  gas  for  filling  high  pressure 


medical  cylinders;  the  cylinders  are  con- 
nected, evacuated  and  automatically  filled. 
According  to  Andonian.  the  system  can  fill 
more  than  55  'E"  cylinders  per  hour  using 
low-cost  liquid  oxygen,  and  a  combination 
of  aluminum,  steel,  and  fiber-wrap  cylinders 
can  be  refilled  at  different  pressure  settings 
up  to  3,600  PSI.  The  complete  system 
includes  60  or  140  liter  liquid  oxygen  stor- 
age container,  liquid  oxygen  pump,  mani- 
fold, oxygen  analyzer,  and  vacuum  pump. 
For  more  information  from  Andonian  Cryo- 
genics, circle  number  151  on  the  reader  ser- 
vice card  in  this  issue  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


Pulmonary    Hygiene    System. 

Mallinckrodt  Inc  offers  the  Hi-Care'"  Sys- 
tem. Corporate  literature  describes  this  sys- 
tem as  a  closed  suction  and  pulmonary 
hygiene  system  with  detachable  atraumatic 
catheter.  According  to  Mallinckrodt.  the 
sleeved  suction  catheter  reduces  the  risk  of 
cross  contamination  for  patients  and  staff  and 
the  detachable  feature  allows  bronchoscopy 
and  mucus  sampling  without  disconnecting 
ventilatory  support.  The  company  says  the 
system's  rotating  valve  may  be  positioned 
so  that  the  suction  catheter  is  isolated  from 
the  patient's  airway  when  not  in  use  and  that 
the  distal  portion  of  the  suction  catheter  fea- 
tures an  ultra-soft,  rounded  tip  with  multi- 
ple eyes  to  reduce  the  risk  of  U^uma  or  block- 
age. For  more  infomiation  from  Mallinckrodt. 
circle  number  1 52  on  the  reader  service  card 
in  this  issue  or  send  your  request  electron- 
ically via  "Advertisere  Oiline"  at  http://www. 
aarc.org/buyers_guide/ 


ISE  REAGENTS.  ALKO  Diagnostic  Cor- 
poration recently  developed  reagents  for  use 
on  the  ISE  modules  of  tlie  Olympus  AU600'", 
AUSOO'".  AUIOOO",  and  AU5200'".  Accord- 
ing to  the  company,  all  of  their  consumables 
serve  as  functional  equivalents  to  those  dis- 
tributed by  the  original  equipment  manu- 
facturer, and  they  offer  correlation  data  upon 
request.  ALKO  says  these  reagents  are 
designed  to  provide  quantitative  determi- 
nations of  Na,  K,  and  CI  concentrations  on  the 
previously  listed  devices  and  that  all  reagents 
are  packaged  to  fit  conveniently  into  the  ana- 
lyzer. For  more  information  from  ALKO 
Diagnostic  Corporation,  circle  number  153 
on  the  reader  service  card  in  this  issue  or  send 
your  request  electronically  via  "Advertisers 
Online"  at  http;//www.aarc.org/buyers_guide/ 


Pulse  Oximeter,  bci  international 

offers  the  Autocon' '  Pulse  Oximeter  with 
SAC"  (serial  autocorttlation)  Data  Acquisition 
Technology.  Corporate  literature  says  the 
device  uses  refined  hardware  and  patented 
software  to  extract  data  in  a  new  way.  BCI 
describes  the  pulse  oximeter  as  cost  effec- 
tive; transportable  with  an  internal  recharge- 
able battei^y;  and  adaptable  to  clinical,  home, 
and  sleep  environments.  For  mote  infomiation 
from  BCI,  circle  number  154  on  the  reader 
service  card  in  this  issue  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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New  Products  &  Services 


Latex-Free  ET  Tube  Glide.  Polamedco 
Inc  introduces  the  Flexette"'Stylette.  a  latex- 
free  endotracheal  tube  guide.  Company  lit- 
eramre  describes  the  product  as  having  a  soft, 
flexible  tip  to  minimize  trauma  and  increase 
patient  safety,  excellent  malleability  to  allow 
easy  shaping  and  forming,  and  a  spiral  han- 
dle that  simplifies  length  adjustment. 
Polamedco  offers  the  tube  guide  in  4  sizes: 
pediatric,  small  adult,  small  adult  to  adult, 
and  adult.  For  more  infonnation  from 
Polamedco  Inc.  circle  number  155  on  the 
reader  service  card  in  this  issue,  or  send  your 
request  electronically  via  "Advertisers 
Online"  at  http://www.;uirc.org/buyers_guide/ 


RESPIRATORY  TEST  SY  STEM.  Nellcor 
Puritan  Bennett  introduces  Breathlab  PTS. 
Corporate  literature  describes  this  system  as 
an  advanced  respiratory  test  system  for 
biomedical  engineers  designed  to  facilitate 
testing  of  ventilators  and  other  respiratory 
devices.  Nellcor  Puritan  Bennett  said  the 
heart  of  the  system  is  the  PTS  2000' 'Tester, 
which  combines  the  functions  of  a  tester, 
oxygen  meter,  and  manometer  into  a  small, 
lightweight  unit  that  measures  pressure,  flow, 
volume,  oxygen  concentration,  and  baro- 
metric pressure.  It  can  be  used  as  a  stand- 
alone tester  or  connected  to  a  PC  and  used 
with  BreathLab  PTS  software.  For  more 
infonnation,  circle  number  156  on  the  reader 
service  card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


Multi-Gas  Monitors.  CEA  instru- 
ments Inc  introduces  the  Personal  Sur- 
veyor series  of  UL-approved  pocket-size, 
multi-gas  monitors.  Company  literature 
lists  such  standard  features  as  one-but- 
ton operation,  electronic  zeroing,  and 
high  contrast  digital  display  of  tem- 
perature, alarm  settings  and  all  STEL. 
TWA,  maximum,  minimum,  and  current 
gas  readings.  A  miniature  self-con- 
tained air  pump,  data  logging  software, 
and  carrying  case  are  available.  For  more 
information  from  CEA  Instruments, 
circle  number  157  on  the  reader  service 
card  in  this  issue  or  send  your  request 
electronically  via  "Advertisers  Online" 
at  http://www.aarc.org/buyers_guide/ 
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CompefM"! 


nEW!  Orientation  & 
Competency  Manual 

The  Orientation  and  Competency  Assurance 
Manual  for  Respiratory  Care  provides  the 
information,  assessment  tools,  and  models 
necessary  to  demonstrate  that  the  competence 
of  employees  is  documented  according  to  JCAHO 
requirements. 

Item  BK55    S65  ($qo  nonmembers) 


nEW!  Uniform  Reporting 
Manual  for  Subacute  Care 

The  Uniform  Reporting  Manual  for  Subacute  Care  is  a 
tool  to  determine  productivity,  track  trends  in  the 
utilization  of  respiratory  care  services,  assist  in 
determining  personnel  requirements,  measure  de- 
mand for  and  intensity  of  services,  and  meet  the  re- 
quirements of  prospective  payment  systems.  (PPS). 

Item  BK2    $75  ($115  nonmembers) 


nEW!  Respiratory  Home  Care 
Procedure  Manual 

The  new  Respiratory  Home  Care  Procedure  Manual 
is  especially  designed  for  the  home  care  setting. 
And,  it  is  easily  adaptable  to  any  alternate  care 
site  from  subacute  to  home  medical  equipment 
companies  and  nursing  agencies.  The  manual 
features  five  sections  of  information,  forms,  and 
checklists  for  the  patient  and  practitioner. 

Item  BK3    $80  ($150  nonmembers) 


nEW!  I.V.  Sample  Curriculum 

The  I.V.  Sample  Curriculum  is  designed  for  use  by 
respiratory  care  educational  programs  in  conjunc- 
tion with  their  clinical  affiliates.  A  course  following 
this  curriculum  will  augment  training  programs  for 
respiratory  care  practitioners  with  thorough  in- 
struction in  I.V. -line  placement  and  management. 
Contains  everything  needed  to  establish  a  complete 
I.V. -line  course:  lesson  outlines,  checklists  and  refer- 
ences. 

Item  BK18    $25  ($35  nonmembers) 


Here's  how  to  order  - 

Call  the  American  Association 
for  Respiratory  Care  at 

(472)2113-2272 
for  your  Continuing  Education  needs 


ME[3i)fccH 


For  VOLUNTARY  reporting 

by  health  professionals  oi  adverse 

events  and  product  problems 


Form  Approved   0MB  No  0910-0291  Ex| 
See  0MB  stateme 
JseOnly  (Resp  Care) 


it    I  DA     MI;  l)I(    A  I     \'Ri 


k  MM  )  K  I  I  N  ( .     I'  K  ( )  C  K  A 


A.  Patient  informatron 


Patient  identifier 


In  confidence 


2    Age  at  time 
of  event: 


Date 

of  birtti: 


3  Sex 

I     I  female 
I     I  male 


Page 
4   Weight 


3.  Adverse  event  or  product  problem 


I     I   Adverse  event       and/or  |_J  Product  problem  (e  g,  defecls/malfunclions) 


Outcomes  attributed  to  adverse  event      | — , 

(ctieck  all  tfiat  apply)  I I  disability 

I     I  congenital  anomaly 

I     I  required  intervention  to  prevent 
permanent  impairment/damage 


I     I  death 


I     I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged       Q  other- 


Date  of 
event 


4  Date  of 
this  report 


Describe  event  or  problem 


Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc) 


C.  Suspect  medication(s) 

1     Name  (give  labeled  strength  &  mtr/labeler,  if  known) 

«1 

#2 

2    Dose,  frequency  &  route  used 

#1 

3    Therapy  dates  (if  unknown,  give  duration) 

#1 

#2 

#2 

4    Diagnosis  for  use  (indication) 
#1 

5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D no    D^g^Fy"' 
»2nyesnno    D^g^Py"'' 

#2 

6    Lot  #  (If  known) 

«1 

7    Exp.  date  (if  known) 
#1 

8    Event  reappeared  after 
reintroductlon 

«i  Dyes  Dno    Dgg^Fy"'' 

#2nyesnho  Dgg^py"'' 

#2 

#2 

9,   NDC  #  (for  product  problems  only) 

10,  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

D.  Suspect  medical  device 

1     Brand  name 

2    Type  of  device 

3    Manufacturer  name  &  address 

4    Operator  of  device 

1     1  health  professional 
1     1  lay  user/patieni 
1     1  other 

5    Expiration  date 

(mo/day/yr) 

6 
model  # 

catalog  # 

7    If  implanted,  give  date 

(mo/day/yr| 

serial  # 

lot# 

8     If  explanted,  give  date 

other  # 

9.  Device  available  for  evaluation?                (Do  not  send  to  FDA) 
1     1    ves              EH  no            EH  returned  to  manufacturer  on 

(mo/day/yr) 

10,  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

E.   Reporter  (see  confidentiality  section  on  back) 

1      Name  &  address 

1  phone  # 

2    Health  professional? 

ED  yes       □    no 

3     Occupation 

4    Also  reported  to 

1     1      manufacturer 
1     1      user  facility 
1     1      distributor 

5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      EH 

*  Form  3500  1/96) 


Mail  to:     MtDWATCH  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 

Submission  of  a  repoil  does  not  constitute  an  admission  tfiat  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1 -800-FDA-1 088    to  report  by  phone  or  for 

more  information 

•  1  -800-822-7967     for  a  VAERS  form 

for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  ttiat  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  tor  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to 


OHHS  Reports  Clearance  Otfice 
Paperwork  Reduction  Pro|ect  (0910-0291] 
Hubert  H  Humptirey  Building.  Room  531-1 
200  Independence  Avenue.  S  w 
V^asn.ngton  DC   20201 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U.S.  DEPARTMENT  OF  HEALTH  t 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IFf^AILED 

IN  THE 

UNITED  state: 

OR  APO  FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


M 


EC^^TCH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


InlilllniltilMliliMlillilMlnilliiMitilt.l.ll 


j\^j]jL 

American  Association  for  Respiratory  Care 

/A-yj..c^jj 

please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
righthand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 

t  L!  Active 

Associate 

LI   Foreign 
D   Physician 
n   Industrial 
n  Special 
D  Student 


Last  Name  _ 
First  Name 


Social  Security  No. 
ome  Address 

City 

Stale 


-Zip 


'hone  No. 


Primary  Job  Responsibility  (cheek  one  only} 

1'  Technical  Director 

C  Assistant  Technical  Director 

n  Pulmonary  Function  Specialist 

r  Instructor/Educator 

Zj  Supervisor 

^  Staff  Therapist 

:Z  Staff  Technician 

□  Rehabilitation/Home  Care 

n  Medical  Director 

n  Soles 

D  Student 

n  Other,  specify 


Type  of  Business 


_  Hospital 

.^  Skilled  Nursing  Facility 

L.1  DME/HME 

Z'  Home  Health  Agency 

Z  Educational  Institution 

Z  Manufacturer  or  supplier 

Z  Other,  specify 


Date  of  Birth  (optional) 


U.S.  Citizen? 


Sex  (optional) 


Hove  you  ever  been  a  member  of  the  AARC? 


If  so,  when?  From 


4c 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U  S  or  lis  lemlocies  or  v»as  an  Aclive  Member 
prior  lo  moving  outside  ils  borders  or  lernlones,  and  meets  ONE  of  llie  following  criteria:  11 )  is 
legoily  credenttaled  os  o  respiratory  care  professional  if  employed  in  a  state  tfiat  monaates 
such,  OR  (2)  is  a  graduate  of  on  occredited  educational  program  in  respiratory  core,  OR  (3) 
holds  a  credential  Issued  by  the  NBRC  An  individual  viiho  is  on  AARC  Aclive  Member  in  good 
standing  on  December  8,  1 994,  will  continue  os  such  provided  his/her  membership  remains  in 
good  standing 


Place  of  Employment 

Address 

City 


-Zip 


State  

Phone  No. 


Medical  Director/Medical  Sponsor 


fOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  core  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members  They  hove  oil  the  rights  ond  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  os  chair  of  o  sfonding  committee  The  following  sub- 
classes of  Associate  Membership  are  available  Foreign,  Physicion,  ond  Industriol  (individuals 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sole,  or  distribu- 
tion of  respiratory  care  eauipmeni  or  supplies)  Special  Members  ore  those  not  working  in  a 
respiratory  care-related  field. 


Place  of  Employment 

Address 

City 


State  

Phone  No. 


-Zip 


FOR  STUDENT  MEMBER 

Individuals  will  be  classiFied  as  Studeni  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  are  enrolled  in  an  educational  program  in  respiratory  core  accredited  by,  or 
in  the  process  of  seeking  accreditoHon  from,  an  AARC-recognized  agency. 


SPECIAL  NOTICE  —  Student  Members  do  not  receive  Cc 
(CRCE)  transcripts-  Upon  completion  of  your  respiratory  c 
credits  may  be  pursued  upon  your  reclossification  to  Activ 

School/RC  Program 

Address 


itinuing  Respiratory  Core  Education 
]re  education,  continuing  education 

I  or  Associate  Member. 


City_ 
State 


.Zip 


Phone  No.  ( ) 

Length  of  program 

Z    1  year  □   4  years 

Z   2  years  Z  Other,  specify 

Expected  Date  of  Graduation  (REQUIRED 
INFORMATION) 

Month Year 


Preferred  mailing  address:     Z   Home    Z   Business 
American  Association  for  Respir«lory  Care  •  1 1030  Abies  Lane  •  Dallas,  TX  7S229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


American  Association  for  Respiratory  Care 


Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Cheek  the  Highest  Degree  Earned 

L    High  School 

D  RC  Graduate  Technician 

D  Associate  Degree 

D  Bachelor's  Degree 

D  Master's  Degree 

n   Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 

Z   0-2  years  '_!    11-15  Years 

D   3-5  years  D    1  6  years  or  more 

n  6-10  years 


Job  Status 

_   Full  Time 

[J  Part  Time 

Credentials 

Z,  RRT 

D  LVN/LPN 

D  CRH 

D  CPFT 

D  Physician 

D  RPFT 

D  CRNA 

D   Perinafal/Pediatric 

D  RN 

Salary 

Z   Less  than  $10,000 

□  $10,001 -$20,000 

D  $20,001 -$30,000 

D  $30,001-$40,000 

n   $40,000  or  more 

PLEASE  SIGN 

I  hereby  apply  for  membership  m  fhe  Americ 
and  hove  enclosed  my  dues.  If  approved  for  n 
by  its  bylows  and  professional  code  of  ethics 
ments  contained  herein  and  understond  ihol 
facts  called  for  is  cause  for  rejection  or  expuls 


3n  Association  for  Respiratory  Core 
embership  in  the  AARC,  I  will  abide 
I  authorize  investigotion  of  all  state- 
misrepresentations  or  omissions  of 


A  yearly  subscription  to  RESPIRATORY  CARE  journal  and  AARC  Times  magazine 
includes  an  allocation  oF  $  1 1 .50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 


Signature 
Date 


Membership  Fees 

Payment  must  accompany  your  application   to  the 

AARC.   Fees 

are 

for    12 

months.  (NOTE:  Renewal  fees  ore  $75.00  Active,  Associote-industr 

al  o 

Associ- 

ate-Physician,   or   Special   status;    $90.00   for   Associate-Foreign 

status;   and 

$45.00  for  Student  status]. 

□  Active 

$  87.50 

D  Associate  (Industrial  or  Physician) 

$  87.50 

D  Associate  (Foreign) 

$102.50 

D  Special 

$  87.50 

D  Student 

$  45.00 

TOTAL 
Spetialty  Settions 

$ 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  tl 

ese 

sections 

publish  a  bi-monthly  newsletter  that  focuses  on  issues 

of  specific  concern  to  that 

specialty.  The  sections  also  design  the  specialty  programming  at 

the 

national 

AARC  meetings. 

D  Adult  Acute  Care  Section 

$15.00 

n  Education  Section 

$20.00 

n  Perinatal-Pediatric  Section 

$15.00 

D  Diagnostics  Section 

$15.00 

D  Continuing  Care- 

Rehabilitation  Section 

$15.00 

n  Management  Section 

$20.00 

D  Transport  Section 

$15.00 

D  Home  Care  Section 

$15.00 

n  Subacute  Care  Section 

$15.00 

TOTAL 
GRAND  TOTAL  =  Membership  fee 

$ 

plus  optional  seetions 

$ 

— 

D  Total  Amount  Enclosed/Charged       $ 

D   Please  charge  my  dues  (see  below) 

▲ 

To  charge  your  dues,  complete  the  following:             A 

kAi 

r 

>l 

Z  MasterCard                                         ^— 

cA 

1 

Z  Visa                                               -^- 

t4 

1^ 

• 

Card  Number 

M^ 

L 

Card  Expires                  / 

Sianature 

Mail  application  and  appropriate  fees  to: 
American  Associorion  for  Respiratory  Care  •  1 1030  Abies  Lone  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fox  [972]  484-2720 
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General  Information 

RESPIRATORY  CARE  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997; 
42(6):623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  pubUcation  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98104,  call  (206)  223-0558,  or  fax  (206)  223-0563. 

Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods,  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments.  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page,  Abstract,  Introduction,  Description  of  De- 
vice/Method/Technique, Evaluation  Methods,  Evaluation  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences. Tables,  Appendices.  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way,  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page,  Abstract,  Introduction,  Case  Summa- 
ry, Discussion,  References.  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page,  Out- 
line, Introduction,  Review  of  the  Literature,  Summary,  Acknowl- 
edgments, References.  Tables,  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References,  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication." 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 
gas  values — with  Questions.  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  brief  case  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions,  Answers,  and  Discussion. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Comer,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIRA- 
TORY Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Comer,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  1 1  in.  (216  x  279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  standard 
font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10  points  in  size,  and 
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do  not  use  italics  except  for  special  emphasis.  Number  ail  pages  in 
upper-right  comers.  Indent  paragraphs  ."i  spaces.  Do  not  justify.  Do 
not  put  authors'  name.s.  institutional  affiliations  or  allusions  to 
institutional  afTiliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page,  Abstract.  Te,\t,  Product  Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results.  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients.  Equipment.  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Mecliciis.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(11):1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  I: 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 
1991:15(Mar):61,62.64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988:33(1 1 ):  1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infonnation 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary'  fibrosis.  Chest  1986; 

89(3Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those  more 

than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract).  RespirCare  1990:35(11):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spironieliy?  (editorial).  Am  Rev  Respir 
Dis  1993;!48(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pulmonary  dis- 
ease (editorial).  Lancet  I992;340(8833):I44()-1441. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  lor  pulmonary  lunction  tests  (letter).  Chest 
I991:99(4):1051. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura:  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AM  A  dmg  eval- 
uations, 3rd  ed.  Littleton  CO:  Publishing  Sciences  Group:  1977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  GuenterCA.  Welch  MH,  edi- 
tors. Pulmonaiy  medicine.  Philadelphia:  JB  Lippincott;  1977:26-42. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*.  t,  J.  §.  II.  f.  **.  tt)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  consecutively  as  Fig.  I.  Fig.  2.  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure 
all  figures  are  cited.  If  any  figure  was  previously  published,  include 
copyright  holder's  written  permission  to  reproduce.  Figures  for 
publication  must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  (including  model  number  if  applicable)  the  first  time 
it  is  mentioned,  giving  the  manufacturer's  name.  city,  and  state  or 
country.  If  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text;  instead,  list  them  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacturer's  suggested  price,  if  the  study 
has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki 
[RespirCare  1997;42(6):635-636|  or  of  the  institution's  committee 


Ri;SPIRAT()RY  CARH  Manuscript  Preparation  Guide.  Revised  2/98 


Manuscript  preparation  Guide 


on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  test.s.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Si  values— for  example,  "PEEP,  10  cm  H2O  [0.981  kPa]."  For  con- 
version to  SI.  see  RESPIRATORY  CARE  1988;33(  IO):861-873  (Oct 
1988),  1989;34(2);145(Feb  1989),  and  I997;42(6):639-640(June 
1997). 

Conflict  of  Interest  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacmrer  or  distributor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

October  1 — Boise.  Idaho 
The  Idaho  Society  for  Respiratory  Care 
will  holtl  its  annual  education  meeting  at 
the  Double  Tree  Riverside  in  Boise.  The 
morning  session  will  consist  of  lectures 
on  management  of  the  difficult  airway, 
graphic  waveform  analysis,  sleep 
medicine,  and  new  aerosol  delivery 
devices.  The  afternoon  session  will 
include  hands-on  break  out  sessions  on 
waveform  analysis,  intra-pulmonary 
percussive  ventilation,  aiid  the  basics  of 
chest  CTs. 

Contact:  Jeff  Anderson  at 
(208)  383-3674. 

October  6 — Live  Broadcast 
Participate  in  a  live,  fully  interactive. 
90-niinute  satellite  broadcast  of  the 
eighth  installment  of  the  AARC's  1998 
"Professor's  Rounds"  series. 
"Techniques  for  Weaning  the  Ventilator 
Patient"  will  be  broadcast  from  12:30- 
2  p.in.  (EST)  and  features  Dean  R  Hess 
PhD  RRT  and  Richard  D  Branson  BS 
RRT. 

CRCE:  I  credit  hour 
Contact:  The  AARC  at 
(972)  243-2272. 

October  7-9 — Worthington,  Ohio 
The  OSRC  will  be  conducting  its  22nd 
annual  meeting  at  the  Holiday  Inn  in 
Worthington.  A  variety  of  current  topics 
will  be  discussed  along  with  specialty 
sessions  in  management  and  education. 
CRCE:  AARC  CRCE  credits  will  be 
available. 

Contact:  Dan  Wine.  Grady  Memorial 
Hospital.  56 1  W  Central  Ave, 
Delawai-eOH43015orcall 
(614)368-5315. 

October  8 — Neiv  York  Society, 

Soiillieasteni  Cluipter 

30th  Annual  Symposium  at  the  Marriott 
Marquis  in  Manhattan,  New  York. 
AARC  Executive  Director  Sam 
Giordano  MBA  RRT  will  speak  on 
"The  RCP:  Practice  in  the  2 1  st 
Century,"  Also,  the  NYSSRC  and 


SUNTV  Stony  Brook  will  be  hosting  a 
clinical  assessment  workshop  Oct.  9-10 
at  the  Cornell  Club  in  Manhattan. 
Contact:  (516)444-3181  or 
www.nyssrc.org 

October  9 — Colorado  Society.  Southern 

Chapter 
5th  Annual  Southern  Colorado 
Pulmonary  Symposium  at  the  Holiday 
Inn  Garden  of  the  Gods.  Colorado 
Springs.  Colorado. 
Contact:  Cathy  Fletchall  at 
(719)  776-5025  or  Barry  Beard  at 
(719)776-5212. 

October  17 — Anchorage.  Alasl^a 
The  Alaska  Society  for  Respiratory 
Care  will  present  its  "Fall  Lung 
Conference  and  Meeting"  at  Providence 
Anchorage  Medical  Center.  Speakers 
include  Dennis  Bing  RRT  and  Mark 
Siobal  RRT.  Sponsored  by  the  ASRC, 
Driiger,  Nellcor  Puritan  Bennett,  and 
Sensomiedics. 

Contact:  Wayne  Wallace  BA  RRT  at 
(907)  486-95 17  or  e-mail 
wwallace@ptialaska.net. 

October  20 — Videotape  Teleconference 
After  viewing  a  tape  of  the  seventh 
installment  of  the  AARC's  1998 
"Professor's  Rounds"  series,  "Assess 
and  Treat  Protocols,"  participate  in  a 
live  telephone  question-and-answer 
.session  with  the  expert  (from  12:30- 
1  pm  EST).  Judith  Tietsort  RN  RRT 
will  discuss  getting  physician  buy-in, 
getting  started,  preparing  your  staff,  and 
measuring  outcomes. 
CRCE:  One  credit  hour 
Contact:  To  receive  the  90-minute 
videotape  and  register  for  the 
teleconference,  call  the  AARC  at 
(972) 243-2272. 

November  7-10 — International 
Respiraion'  Congress.  Atlanta.  Georgia 
The  American  Association  for 
Respiratory  Care  hosts  its  44th  annual 
International  Respiratory  Congress  at 
the  Georgia  World  Congress  Center  in 
Atlanta,  GA.  More  than  7,000  people 


will  experience  programs  appealing  to 
all  levels  of  health  care  providers  — 
from  clinicians  to  managers  and 
administrators,  to  manufacturers  and 
distributors  of  equipment  and  supplies. 
Program  content  will  include  neonatal, 
pediatric,  and  adult  critical  care:  acute, 
continuing,  and  rehabilitative  care; 
diagnostics;  management;  and  case 
and  disease  management  —  truly  a 
coiTiprehensive  program  on  respiratory 
care.  Exhibits  by  all  manufacturers  of 
cardiopulmonary  equipment  in  the 
world  will  be  featured. 
Contact:  For  program  brochure  and 
registration  information,  contact  the 
AARC  at  1 1030  Abies  Lane,  Dallas, 
TX  75229-4593;  (972)  243-2272;  fax 
(972)  484-2720;  nieetings@aarc.org; 
or  www.aarc.org. 

November  17 — Videotape 

Teleconference 
After  viewing  a  tape  of  the  eighth 
installmem  of  the  AARC's  1998 
"Professor's  Rounds"  series, 
"Techniques  for  Weaning  the 
Ventilator  Patient,"  participate  in  a  live 
telephone  question-and-answer  session 
with  the  expert  (from  12:30-1  pm 
EST).  Dean  R  Hess  PhD  RRT  will 
analyze  the  pros  and  cons  both  inside 
and  outside  the  hospital. 
CRCE:  One  credit  hour. 
Contact:  To  receive  the  90-minute 
videotape  and  register  for  the 
teleconference,  call  the  AARC  at 
(972)243-2272. 


Other  Meetings 

Junel2-16,  1999 — International  Society 

for  Aerosols  in  Medicine 

12th  International  Congress  at  the 
Austria  Center  in  Vienna,  Austria 
Contact:  Vienna  Academy  of 
Postgraduate  Medical  Education  and 
Research.  Alser  Strasse  4,  A- 1 090 
Vienna,  Austria.  Phone  (-1-43/1 ) 
405  13  83-22,  fax  (-1-43/1) 
405  13  83-23,  e-mail 
medacad@via.at. 
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Atlanta,    Georgia 


Helpful  lUeb|Sites 

American  Association  for  Respiratory  Care 

http://www.aarc.0r9 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

Respiratory  Care  online 

http://www,rcjournal.com 

—  1997  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

The  American  College 
of  Chest  Physicians 

http://www.chestnet.org 


The  National  Board  for  Respiratory  Care — 1999  Examination  Dates  and  Fees 


Examination 

CRT  Examination 

RRT  Examination 
CPFT  Examination 


Examination  Date 

March  13.  1999 

Application  Deadline:  Januai^  1.  1999 

June  5,  1999 

Application  Deadline:  February  1.  1999 

June  5,  1999 

Application  Deadline.  April  1,  1999 


Examination  Fee 

U20  (new  applicant) 

80  (reapplicant) 

120  written  only  (new  applicant) 

80  written  only  (reapplicant) 

130  (new  applicant) 

150  (reapplicant) 


For  information  about  other  services  or  fees,  write  to  the  National  Board  for  Respiratory  Care. 
8310  Nieman  Road,  Lenexa  KS  66214.  or  call  (913)  599-4200,  FAX  (913)  54 l-0156.or  e-mail:  nbrc-infoca nbrc.org 
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CARE 
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ARD$ 

NOVEMBER     1998 

New  Federal  Register  Houces  Now  Available 

The  Center  for  Devices  and  Radiological  Health  announces  the 
publication  of  new  Facts-on-Demand  FOD  notices  in  the 
Federal  Register.  The  new  publications:  FOD**774 — Medical 
Devices;  Preemption  of  State  Product  Liability  Claims: 
Proposed  Rule;  FODff607 — Rebuilders.  Reconditioners. 
Services,  and  "As  Is"  Remarketers  of  Medical  Devices;  Review 
and  Revision  of  Compliance  Policy  Guides  and  Regulator^' 
Requirements;  Request  for  Comments  and  Information; 
Proposed  Rule:  and  FOD-»513 — Medical  Devices;  Reports  of 
Corrections  and  Removals;  Stay  of  Effective  Date  of 
Information  Collection  Requirements:  Stay  of  Effective  Date 
of  Final  Regulation.  For  more  information  about  Facts-on- 
Demand  call  (800)  899-0381  or  (301)  826-0111.  The  FOD  sys- 
tem is  also  on  the  Internet  at  wavw.fda.gov/cdrlVfedregin.html. 


NAMES  1998  Education,  Conference 
Schedule  Set 

The  .\'ational  .Association  for  Medical  Equipment  Services 
(N.AMES)  announces  its  1998  national  conferences  and 
regional  education  seminars.  For  information  about 
upcoming  events,  call  the  N.AMES  Education  &  Meeting 
Department  at  (703)  836-6263.  or  visit  the  web  site: 
www.names.org. 


Coming 
Soon! 

Respiratory  Care 
Week 


Web  Site  Link  to  Fellowships,  Scholarships, 
&  Grants 

The  AiTierican  Association  for  Respiratory  Care's  web  site  con- 
tains important  information  about  fellowships,  scholarships, 
and  research  grants.  International  fellowships,  education 
scholarships,  research  fellowships,  and  other  grand  programs 
are  described  in  detail.  The  site  also  contains  information 
about  the  $1,000,000  Research  Fund,  a  restricted  fund  to 
sponsor  research  initiatives  that  document  the  clinical  and 
economic  impact  of  respiratoo'  care  professionals  in  the  deliv- 
ery of  health  care.  To  apply,  a  "Research  Plan  Abstract'"  must 
be  submitted  to  the  .A.ARC  by  February  1, 1999.  To  find  out 
more  about  these  programs,  log  on  at  VAVW.aarc.org. 


year  2000  Date  Problem  Addressed  by  FDA 

On  June  24, 1998.  the  Food  and  Dn.ig  .Administration 
announced  the  availability  of  the  document,  "Guidance  on 
FDA's  E.xpectations  of  Medical  Device  Manufacturers  Concern- 
ing the  Year  2000  Date  Problem."  The  document  is  available 
via  telephone  (800)  899-0381  or  (301)  827-0111  orviathe 
Internet  at  www.fda.gov'cdrh/yr2000.y2kguide.html. 


October  4*  -  1 0*, 
1998 


New  Address  for  Asthma  Group 

The  .Allerg)'  and  .Asthma  Network  Mothers  of  .Asthmatics  Inc 
has  moved.  The  organization's  new  address  is  2751  Prosperity 
.Avenue,  Suite  150.  Fairfa.x  V.A  22031.  The  telephone  numbers 
are  (800)  878-4403  or  (703)  641-9595.  Fa.\  (703)  573-7794. 
Information  about  the  group  and  their  activities  is  available  at 
their  Internet  address:  www.aanma.org. 
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The  Weaning  Combination: 

Flow  Synchronization  +  Termination  Sensitivity 
=  Total  Flow  Synchrony 


Flow  Synchronization 

Improves  patient/ventilator  synchrony  and 
reduces  the  work  of  breathing.  Consistent 
volume  delivery  is  accomplished  at  lower 
peak  inspiratory  pressures  improving 
dynamic  compliance. 

Termination  Sensitivity 

A  user  selectable  "expiratory"  trigger  allows  the 
infant  to  control  the  inspiratory  time  of  the 
positive  pressure  breath.  This  eliminates  the 
pressure  plateau  routinely  seen  in  time-cycled, 
pressure-limited  ventilation. 

Total  Flow  Synchrony 

The  combination  of  Flow  Synchronized 
Ventilation  and  Termination  Sensitivity, 
unique  to  the  V.I. P.  Bird",  provides  complete 
and  Total  Flow  Synchrony.  These  features 
along  with  Bird's  superior  graphics  and 
volume  monitors  offer  the  clinician  an 
unbeatable  weaning  combination. 


For  Total  Flow  Synchrony,  call  Bird  Products  at  1-800-328-4139. 
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The  Breath  of  Technology' 


Palm  Spmigs.  California  •  760.778.7200 
Fax  '  760.778.7274 


Its  easy  to  see  why  TheraPEF  is  becoming 
the  PEP  therapy  device  of  choice. 


^.--^ 


Easy  to  use. 

COPD  panents  can  master  Positive  Expirator)'  Pressure  therapy  quickly,  and  maintain  an  effective  continuum  of  care  away  from  hospital. 
TheraPEF  improves  secretion  clearance,  facilitates  opening  of  airways  and  may  be  used  for  the  treatment  of  atelectasis. 

Easy  to  tolerate. 

TheraPEP  may  reduce  the  need  for  postural  drainage,  and  is  ideal  for  patients  unable  to  tolerate  conventional  chest  physiotherapy 

Easy  to  read. 

Highly  visible  pressure  indicator  provides  inmiediate,  visual  feedback  from  any  angle. 

Easy  to  adjust. 

Sl\  frxed  orifice  options  allow  physicians  to  prescribe  appropriate  flow  resistance  levels  for  each  patient. 

Easy  to  carry. 

Draw-string  bag  lets  patients  carry  TheraPEP  conveniently  and  discreetly 

Easy  to  clean. 

Durable  plastic  construction,  removable  base,  and  hnear,  valved  resistor  promotes  easy  cleaning. 

Easy  to  order. 

To  order  your  TheraPEP  or  a  free  catalog  of  DHD  qualit\'  respirator)'  care  products,  call  toll-free  today 

1-800-847-8000 
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Positive  Expiraton/  Pressure  Tfierapy  System 
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